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Physiological Investigations on the
Resistance of Peach Buds to
Freezing Temp eratures
by H. L. CRANEt
WHILE a considerable number of investigations have been
made on the causes of injury by freezing temperatures, within
more recent years attention has been devoted to the causes of resist-
ance. The subject is not only of theoretical interest but of practical
importance because of the great losses that result annually by freez-
ing injury to the fruit buds of peach, plum, apple, cherry, and other
fruit trees. The peach is particularly subject to damage by freezing
and it is not uncommon to lose a season's crop because of death of
the fruit buds by low temperatures. In addition to the killing of the
fruit buds during those months when the plant is considered dor-
mant, the essential floral organs may be killed by freezing tempera-
tures when the trees are in flower. The latter may be controlled in
part by heating methods. Generally speaking, loss from this late in-
jury is less than from the killing of buds during the dormant season.
The killing of fruit buds during the dormant period varies with
the variety. Experience as well as theoretical considerations also
lead to the conviction that the resistance of the fruit buds to low tem-
perature is determined in part by the character of growth of the tree
during the season preceding the winter injury. It seems reasonable
therefore to conclude that environmental conditions and cultural
practices may influence the resistance to low temperature. While
it is not possible to control the climatic factors, it is possible to con-
trol cultural practices. To a certain extent, therefore, resistance to
low temperature may be increased when a fuller knowledge of the
subject is available. With this purpose in mind the present investiga-
tion was undertaken.
This paper is the result of experiments conducted through a
period of three years on the influence of cultural practices and other
treatments on the hardiness of peach fruit buds of two varieties —
Salwey and Greensboro. In addition to the observations on resistance,
chemical and histological studies were made in order to develop more
precise knowledge concerning the growth and physiological changes
related to resistance and susceptibility to low temperatures. In the
main, three distinct treatments were followed. The first considers
tResigned November, 1929.
the influence of different kinds of pruning with and without nitrogen
applications, the second considers the influence of ringing with and
without nitrogen, and the third, partial defoliation with and without
nitrogen. In addition, special consideration is given to the tempera-
ture relations prevailing in West Virginia during the winter months
and to the bearing of these temperature conditions on freezing in-
jury. A comparison is also made of the gross characters of the Sal-
wey and Greensboro varieties, since the Greensboro is hardy, while
the Salwey is readily injured by low temperature. Before considering
the experimental work it will be desirable to consider briefly the
views that have been proposed in respect to the characteristics of
plants associated with resistance to freezing injury.
THEORIES IN REGARD TO FREEZING INJURY AND
RESISTANCE OF PLANT TISSUE TO
LOW TEMPERATURES*
Factors Involved in Resistance to Freezing Injury
Water content has been shown to affect the hardiness of plants.
Working with peach buds Johnson (53) showed that the moisture-
dry weight ratio was an index of hardiness, as an increase in the
ratio resulted in tender buds. Shutt (82) reported that twigs of hardy
varieties of apples were low in moisture. The results of Beach and
Allen (7), Strausbaugh (84), and Hildreth (46) agree with those of
Shutt (82), although they found that shoots of hardy varieties after
prolonged exposure to cold contain a higher percentage of water than
the less hardy ones. This was due to the fact that tender varieties
give up water more readily than hardy ones. Lott (59) found a
marked correlation between the bound water and hardiness in bram-
bles. Low moisture content is also a factor in the hardiness of wheat
as reported by Sinz (83), Akerman and Johansson (2), Newton (69),
and Martin (61), while Rosa (77) has indicated that this is true for
certain, vegetable plants.
The imbibitional force of the cells was suggested by Mueller-
Thurgau (66) as an important means of preventing the loss of water
from the cells by freezing. Strausbaugh (84), Newton (67), Dorsey
and Strausbaugh (28), Dunn and Bakke (32), Lott (59), and Martin
(61) hold similar views. Hooker (48) and Rosa (77) concur in this
view and attribute the greater hardiness of hardened plants to a
larger content of pentosans than is present in the non-hardened ones.
Newton (69), Hildreth (46), Lott (59), Doyle and Clinch (29, 30),
and Delong (27), however, found no consistent relation between
pentosan content and hardiness.
*The literature dealing- with the subjects of freezing' injury and resistance
of plant tissue to low temperature has been carefully reviewed by Chandler (16)
Hildreth (46) Martin (61) and others. For this reason only a brief sketch of the
ideas advanced which have a particular bearing on the problem at hand will be
considered here. A rather complete bibliography, however, is included with this
report.
Maximow (62) and Chandler (1(1) studied the relation of sap
concentration to hardiness and found that the plant tissue showed a
greater resistance to freezing than could be accounted for by the in-
creased sap concentration. Ohlweiler (70) used a number of plant
species and reported a relation between sap concentration and hardi-
ness. These results were substantiated by Rosa (77), Harvey (43),
Carrick (14), Harris and Poponoe (42), Haas and Halma (41), and
others. Winkler (93) showed that the cell sap of plants placed in cold
chambers increased in osmotic concentration rather quickly. On the
other hand, the work of Apelt (4), Rein (75) , and Salmon and Flem-
ing (79) showed no definite correlation between hardiness and
osmotic concentration of the cell sap. Newton (68) properly points
out that the osmotic concentration of the vacuolar sap contributes
to the water-retaining power of the cells, but as an explanation of
hardiness it is quite inadequate.
Molisch (63), was of the opinion that small cells contribute to
hardiness. This view was supported by the work of D'Arsonval (25),
Wiegand (92), and Rosa (77). Beach and Allen (7) found no differ-
ence in the structure of apple stems of hardy and tender varieties, yet
they thought hardiness was related to the hardness of the wood. On
the other hand, the investigations of Rein (75), involving a large
number of plant species, showed no relation between size of cells
and hardiness. It should be pointed out that small, thick-walled cells
are usually the result of slow growth, early maturity, and low nitro-
gen and high carbohydrate content which may be caused by a de-
ficiency of water or nitrogen or by the lack of some essential ele-
ment.
Schaffnit (80) concluded that as tissues are hardened, the pro-
teins of the cells are split into simpler forms, less readily precipitated
than those of non-hardened tissue. Harvey (43) found that on hard-
ening herbaceous plants the amino nitrogen increases greatly, and
that the simpler forms of proteins are not so easily precipitated by
freezing or by the addition of acids as the more complex forms. New-
ton (69), working with wheat, and Hildreth (46), with apples, found
that the ratio of amino to total nitrogen increases in the fall but that
no consistent relationship exists between amino nitrogen and hardi-
ness.
Environmental Factors That Influence Freezing Injury
Maturity has been shown to be of paramount importance in de-
termining the degree of cold resistance of plants. Emerson (34)
believed that resistance to cold in fruit trees often was due almost
wholly to the habit of early maturity rather than to constitutional
hardiness, and Macoun (60) came to the conclusion that trees or
shrubs to survive severe winters must ripen their wood early. Emery
(35) pointed out that temperatures well above 0°F. in early winter
often cause more injury than -30° or -40° later. Green and Ballou (39)
report that peach trees growing in rich, moist soil or under late cul-
tivation were more severely injured because of immaturity than sim-
ilar trees growing in sod or under grass mulch. Emerson (33) found
a similar relationship . Thayer (87) found that young peach trees, be-
cause of their late growth, bear more tender fruit buds than the older
trees that have a shorter duration of growth. Gladwin (36) reports
that severe pruning of grapes decreased the hardiness of the wood
and buds by delaying maturity. Bradford and Cardinell ( 12) say that
lack of maturity is the greatest factor in inducing winter injury, and
that late cultivation or heavy fertilization have proved to be unwise
practices.
Because of differences in the degree of maturity in early win-
ter, plants normally hardy may in certain instances be more sus-
ceptible to freezing injury than less hardy ones. Such conditions have
been reported by Blake and Farley (9), Greene (40), Bradford (11),
Chandler (17), and others.
It has been reported by several investigators that by mid-winter
the condition or state of hardiness may be lost, at least to some de-
gree. The studies of Askenasy (5) with sweet cherry and those of
Knowlton and Dorsey (56) with peaches showed that the. fruit buds
make a continuous growth and development from fall until spring.
Whitten (90), Howard (50), Chandler (15), and Hooker (49) have
pointed out that the growth of the buds during the warm weather of
the winter made them particularly susceptible to injury by freezing
temperatures. Blake and Connors (10) report that Elberta and other
similar varieties start into growth the first warm days in the winter
and later are severely injured, while such varieties as Carman and
Greensboro respond less quickly and escape with slight damage.
Davis (26) has shown that sour cherry buds having withstood tem-
peratures of -30°F. during January without injury were killed by
much higher temperatures in late February and early March. The
critical temperature depends on the degree of maturity in early win-
ter and on the stage of development of the buds in late winter, as has
been pointed out by Howard (50) and by West and Edlefsen (89).
Another important factor in determining the injury resulting
from a certain temperature is the rate of temperature fall. Chandler
(16) reports that when peach buds were cooled rapidly to -17°C,
from 97 to 100 percent were killed, but when they were cooled slow-
ly to -19.5 °C, only 15 to 18 percent were killed. Similar results for
apple roots and shoots have been shown by Carrick (13), Potter (73),
and Hildreth (46). The greater injury resulting from a rapid fall in
temperature is of particular significance for sections like West Vir-
ginia, which are subject to rather sudden and wide deviations in the
daily minimum temperatures during the winter.
The length of the rest period has been emphasized by Straus-
baugh (84) as important in determining the relative hardiness of
plum varieties. Chandler (15) suggested that by prolonging the period
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zation, the entrance of the trees into the rest condition would be de-
layed and consequently they would come out of it later in the win-
ter. As a result, when the rest was initiated later, the buds would
make less growth in the warm days of winter and would be more
resistant to the low temperatures occurring in the spring. The evi-
dence presented by Howard (51), Johnson (54), Hodson (47), and
Knowlton and Dorsey (56) show that the rest period in peaches is
over by early January, and thus it could not have a restraining in-
fluence on the growth of the buds during late winter.
A consideration of the evidence on freezing injury reveals that
the state or composition of the protoplasm is the critical factor in re-
sistance. The observations of others previously discussed reveal like-
wise that what is commonly termed maturity predetermines the
relative resistance of the plant to freezing temperatures. Maturity
of woody plants means that cellular activity in relation to growth is
at a minimum point, water content is low, the reserve foods are of
high molecular weight, and cell wall thickening has been entirely
completed. Since these are the characteristics of the resting condi-
tion, the inference seems permissible that the plant in that condition
is less susceptible to freezing temperatures.
Characteristics of Winters in West Virginia
It is apparent that other factors as well as temperature are in-
volved. For a clearer understanding of the problem and to define
certain conditions of the experiment, consideration must be given
to the temperatures prevailing at Morgantown, West Virginia.
The winters in the latitude of West Virginia are mild and open.
Usually there are one or more periods when the temperature may
remain well above the freezing point for several days. These warm
periods are followed in many instances by a rapid drop in tempera-
ture—close to 0°F. These conditions generally cause the winter
killing of the fruit buds. Knowlton and Dorsey (56) report that late
in January, 1925, nearly all buds of the tender and semi-hardy peach
varieties in the orchard of the Experiment Station at Morgantown
were killed after a warm period followed by a sudden drop in tem-
perature to -9°. During the fall the weather is generally warm, sunny,
and favorable for late growth of the trees. In an occasional winter
like that of 1918-19, serious damage may result to the trees and fruit
buds if the temperature approaches 0° before maturity has developed.
Such occurrences are, however, infrequent.
The winter of 1925-26 caused severe winter killing of peach buds,
especially those of tender varieties. In Table 1 are given the maxi-
mum and minimum temperatures from December to February inclu-
sive. These data show that a maximum temperature of 55 °F. or high-
er occurred 8 times during the months of December, January, and
February. The minimum temperature for the winter was -8° on Jan-
10
uary 2 ( ). This temperature was sufficiently low to kill all of the Sal-
wi\ buds and from one-half to three-fourths of the Greensboro buds
on trees in the experiments to be reported later. On January 16
the maximum temperature reached 57°. The weather remained warm
for a week, with the minimum temperature well above freezing for
five days. This was followed by a colder period, then by a slight rise
in temperature, and finally the drop to -8°.
The winter of 1926-27 was mild and the minimum temperature
was 0°F. on December 18. Temperatures of 5° were recorded on
January 16 and 27. Immediately preceding the fall in temperature on
January 27, the maximum temperature was as high as 63°, with the
minimum temperature well above freezing for several days. No
fruit buds were killed by the 0° temperature of December 18, but the
temperature of 5° on January 27 caused the death of about 25 per-
cent of the Salwey buds.
Following an exceptionally late, warm, and wet October and
November, the winter months of December, January, and February of
1927-28 were drier than normally. The minimum temperature for
December was 5°F. It occurred on the night of December 9, immed-
iately after a warm period, during which the maximum temperature
was 62° on the seventh. This temperature killed a small percentage of
the buds of the Salwey. The minimum temperature of -2° for the win-
ter occurred on January 2, immediately following a warm period of
three days wherein the maximum temperature ranged from 54° to
57° and the minimum temperature from 33° to 52°. The minimum
temperature of -2° caused considerable injury to the fruit buds of
both Greensboro and Salwey varieties.
February was considerably warmer and drier than usual, and was
followed by a March colder than the average. It was, however,
unusually warm for three days from March 11 to 13, when the max-
imum temperature varied from 60° to 80° F. and the minimum tem-
perature from 32° to 50°. This was followed by a minimum tempera-
ture of 23° on March 17, which killed a rather large percentage of
the pistils of certain fruit buds of the Salwey and a few of the Greens-
boro.
The fact that the greatest damage results when wide fluctuations
in temperature occur, as, for example, a change from 55° or 60° to
0° or 10° F. within a few days, is of great significance. This implies
that during the winter and early spring, protoplasmic changes are
induced, at least in part, by the high temperatures, making the plant
tissue particularly susceptible to injury and death by temperatures
belowr the freezing point. A knowledge of these changes would of
course contribute to a clearer understanding of the causes of death
by freezing temperatures. The relation of these temperature fluctua-
tions to freezing injury will be considered subsequently in the various
experiments and discussion.
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DESCRIPTION AND COMPARISON OF THE VARIETIES
Hardiness is determined to a considerable degree by the proto-
plasmic activity or growth response of the tissues during the warm
periods in mid-winter. For these reasons it seemed desirable to make
a careful study of the growth behavior and certain chemical char-
acteristics of two markedly different varieties of peach, both grow-
ing under the same conditions. One of these varieties, the Salwey,
usually is quite susceptible to injury by freezing temperatures; the
other, Greensboro, is strikingly resistant. Since low temperatures
affect these varieties quite differently, it was thought that a com-
parison of the two would reveal data not only of theoretical import-
ance but of practical value in formulating possible corrective cultural
methods.
A comparison of Greensboro and Salwey as regards growth and
fruiting characteristics is significant. Both varieties are vigorous in
growth, and they produce large trees. The Greensboro has an open,
spreading top, while that of the Salwey is upright, spreading and be-
coming drooping and dense. The Greensboro normally produces many
short, thick, spur-like shoots, while the Salwey bears a much smaller
number of such growths, and these usually are longer and more
slender. The Greensboro makes its growth early in the season.
Usually growth elongation stops, and fruit-bud initiation begins
about a month before that of the Salwey. Under West Virginia con-
ditions the fruit of the Greensboro matures from the middle to the
last of July, while the Salwey does not ripen until the middle to the
last of September. The fruit buds of the Greensboro are large as
compared to those of the Salwey. This greater size of the Greens-
boro buds is due to a larger number of bud scales, heavier pubescence,
and a larger bud cavity than in the case of the Salwey. Both varie-
ties bloom at approximately the same time.
MATERIALS AND GENERAL METHODS
Materials
The orchard used in these investigations, located at Morgan-
town, was planted in the spring of 1916, consisting of 8 rows of 15
trees planted diagonally, 16 by 26 feet apart. Cultivation usually was
started about the time of bloom and was of sufficient frequency to
prevent weed growth. In June soybeans were sown and an applica-
tion of 300 to 400 pounds of 16-percent superphosphate was made.
When the soybeans had attained their maximum development they
were disked down, and a cover crop of rye was seeded. No nitrogen-
carrying fertilizers were applied until the spring of 1924, when a
four-pound application of nitrate of soda was made at the time of
flowering to alternate trees in each row; these same trees received
the same amounts of nitrate of soda in the years following.
12
Three trees of each variety, selected as far as possible for uni-
formity of size, vigor, and growth response, were used in each treat-
ment.
During" the course of these studies the only fruit produced was in
the summer of 19_'6, when the Greensboro bore a light crop.
Methods Used in Determining the Percentage of Fruit-Bud
Formation and Winter Killing
The number of fruit buds formed and the total amount of winter
killing was determined when the buds were in the pink stage.
• Each winter after a particularly cold night or a hard freeze fol-
lowing a warm period the orchard was visited. Observations were
made on the injury to the buds, — none, however, until the weather
had become sufficiently warm after the cold period for the buds to
have thawed completely and turned brown. Buds at this time were
sectioned and examined macroscopically for injury.
In determining the percentage of fruit-bud formation and of
hardiness, only unblanched shoots were used. The length of the
shoot was measured, and the number of nodes and buds for the shoot
counted; likewise the number of buds which from outside appear-
ances were alive and would open normally into full bloom. In the
spring of 1928 certain treatments showed a considerable number of
buds with their pistils killed. In this case a separate count was made
of those injured. In calculating the percentage of fruit buds formed
it was considered that, as a maximum, two fruit buds should be form-
ed at each node. Hence the number of buds was divided by two times
the number of nodes and the result was multiplied by 100. The
percentage of live buds was calculated from the number formed and
the number alive. To obtain these data 30 to 70 shoots from each
tree were used. These shoots were taken promiscuously from all
parts of the trees in an attempt to get a random sample.
Methods Used in Collecting Samples for Chemical Analyses
All samples of buds for dry weight, nitrogen, and carbohydrate
analyses were collected in the morning, usually from 9 to 10 o'clock,
on clear days. Representative one-year, unbranched shoots of about
10 to 15 inches in length from all parts of the tree were cut, tied in
a bundle, labeled, placed in a collecting can, and taken to the labor-
atory as soon as all samples were collected. An attempt was made
to collect the samples in the field in weighing bottles. This had to
be discontinued because of the slowness of the operation. A compari-
son of the two methods of taking samples was made, and the labor-
atory method gave the more uniform results. The buds were remov-
ed from the shoots with approximately the same amount of scales,
bark, and wood. The buds in each sample were counted when re-
moved and were placed in open Petri dishes, in which they were
dried. All of the fruit buds from each shoot were included in the
sample. For the dry weight and nitrogen determinations, samples
were taken from each of the three trees in each treatment, and the
analyses made separately.
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Methods Used in Determining Dry Weight and Total Nitrogen
The fruit buds were dried just as they were removed from the
shoots. For the dry weight determinations a sample of two to three
gm. or about 200 buds were used. These were first dried in a con-
stant temperature oven at 30° C. for 144 hours. It was found by
trial that at this temperature and for this time the samples reached
constant weight. To determine the amount of bound water or that
held tenaciously by the buds, the samples were again dried for 72
hours in vacuo at 70 c C. with a vacuum of 26 to 27 inches of mercury.
The entire samples were then used for the total nitrogen determina-
tions which were made by the official Kjeldahl-Gunning-Arnold
method.
Methods Used in the Determination of Carbohydrates
Because of the nature of the material the samples were small,
and from 6 to 14 gm. green weight were used for the carbohydrate
analyses. Each sample of buds was placed in a jar thoroughly mixed
by shaking, and about two gm. of the material was removed for dry
weight and total nitrogen determinations. The remaining 4 to 12 gm.
of buds were weighed, giving total green weight. The samples were
prepared as quickly as possible, covered with 95 percent alcohol, a
small quantity of calcium carbonate added, and heated at 70° C. for
one hour. The methods of analysis were as follows : the alcohol was
evaporated off the samples in vacuo at 75° C. The dry material was
then extracted with ether in a Soxhlet extraction apparatus for ap-
proximately 12 hours, giving the ether soluble material. The residue
was then extracted with 80 percent alcohol in a manner similar to
the ether extraction. The alcohol solution was made up to volume
and an aliquot portion taken for (a) determination of reducing
sugars and (b) total sugars. The residue from the alcohol extraction
was dried in an oven in vacuo at 75 °C. for approximately 12 hours.
Samples were taken for starch determinations and the residue from
this was analyzed for acid hydrolyzable materials. Methods used
for the analysis of reducing sugars, total sugars, starch, and acid
hydrolyzable (hemi-cellulose) were those of the Association of Offi-
cial Agricultural Chemists.
Histological Methods
During the winter of 1927-28 the development of the buds was
followed by histological methods. Two collections of buds were
made, the first on November 29, the second on February 6. Samples
were killed and fixed from eight different treatments of each of the
two varieties. In collecting the material, uniform shoots of 12 to
15 inches long were cut from various locations on two of the three
trees in each treatment. The buds from these shoots were separated
into two samples : basal and terminal buds. In taking the sample of
the basal buds those borne on the first three or four nodes were dis-
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carded because of the small leaves usually borne at these nodes. The
buds used in the basal sample were taken from the fourth to seventh
nodes from the base of the shoot. The buds comprising the terminal
samples were taken from the last five or six nodes on each shoot, none
being discarded. Schaffner's chrom-acetic fixative and the paraffin
method of embedding were used. The material was sectioned from
five to ten microns thick and stained with Fleming's triple stain. In
all over 800 slides were made for these studies. Two measures of
growth were used in following the growth of the buds during the
winter months: the diameter increase of the buds measured through
the ovule case, and the development of the pollen. In all instances
the most advanced degree of pollen development found in the various
anthers of each bud was used as the sta^e of development for that
bud.
Mathematical Significance of the Data
In some cases in which the mean of a series of results is given
the probable error has been calculated, using Bessel's formula.
It is realized that in most groups the population was small and
not distributed normally. The error as calculated, therefore, is not
a true error, but it is included in the cases where it seemed warranted
in order to call attention to the probable significance of the data and
to prevent the drawing of conclusions not justified. Where compari-
sons are made the odds as to the significance of a difference have
been calculated by the use of Pearson's (71) tables, from the ratio
of the observed differences to the error of the difference as calculated
by the usual formula. In some cases the correlation coefficient has
been calculated to show the relationship between characters by the
usual formula as applied to the short method.
PART I
The Influence of Pruning and Nitrogen Applications on the
Formation, Composition, and Hardiness of Peach Fruit Buds
Hardiness is related to maturity of the tissue. It is probable,
therefore, that cultural practices which delay or hasten the matura-
tion of tissues have an influence on their resistance to freezing tem-
peratures. For this reason experiments were made to determine the
influence on hardiness of two practical procedures : namely, pruning
and the use of nitrate of soda. Numerous experiments have shown
that these practices, within limits, stimulate the growth of the trees
somewhat in proportion to the severity of the pruning or to the
amount of nitrate of soda applied. The growth response following
such treatments is determined to some extent by the vigor of the
trees. For this reason every precaution was taken to use trees of
uniform size and vigor.
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Treatments
The object of the treatments employed was to alter the carbohy-
drate-nitrogen relationships and the growth of the trees so that their
effects on the hardiness of the fruit buds could be determined. In
the spring of 1925 the trees of every other row in the orchard al-
ready described were headed back so that the main scaffold limbs
were four feet long, and those of the alternate rows were cut back to
two feet. Certain rows received one, two, and three summer prun-
ings. The first summer pruning was made June 18, when the new
shoots were about one foot long. It consisted of removing the excess
shoots. The second summer pruning was given July 20. As before,
the excess shoots were removed, and those which had grown beyond
the general contour of the tree were headed back. The third summer
pruning was given August 14, of the same nature as the second. The
effects of these treatments on the growth of the trees has been
reported (21).
The following spring (1926) all of the trees, excepting those of
Row 31, which were used as checks, and the Salwey trees of Row
27, were very lightly pruned in late winter (corrective pruning). Very
little wood was removed, as only interfering shoots or those which
had grown beyond the general contour of the tree were removed or
cut back. The Salwey trees of Row 27 again were pruned twice dur-
ing the early summer, at approximately the same time and in the
same manner as the first two summer prunings of the previous year.
A four-pound application of nitrate of soda was made each spring
at the time of blooming to alternate trees in each row as already
mentioned. Briefly, the above and subsequent treatments were as
follows
:
Row 25. Greensboro : 1925, Light dormant and one summer prun-
ing not used after the spring of 1926.
Row 27. Greensboro : 1925, Light dormant and two summer prun-
ings. 1926 and 1927, Corrective pruning.
Salwey : 1925, Light dormant and two summer prunings.
1926, Corrective and two summer prunings. 1927,
Corrective pruning.
Row 29. Greensboro : 1925, Light dormant and three summer prun-
ings ; 1926, Corrective pruning and every other
tree received 16 pounds of nitrate of soda applied
in four equal applications on April 30, June 9, June
24, and July 15. These trees were not used after the
spring of 1927.
Row 31. Greensboro: 1925, Light dormant pruning; 1926 and 1927,
no treatment. These trees were used as the checks.
Salwey: Same as the Greensboro.
Row 32. Greensboro : 1925, Heavy dormant pruning. These trees
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Since pruning or the application of nitrogen influences the
growth of the trees it was expected that not only the hardiness but
the formation of fruit buds would be affected by these practices. For
this reason the percentage of buds formed as well as those killed was
determined by the methods already described. The peach produces
the fruit buds on wood of the current season. For this reason em-
phasis has been placed on the relation of the length of the shoot on
which the buds are borne to their formation and hardiness.
To determine whether the growth made by the trees in the
season the fruit buds were formed had any influence on the composi-
tion and hardiness of the buds, determinations were made of the dry
weight, bound water, total nitrogen, seasonal changes of these fac-
tors, and the carbohydrate content of the buds. The increase in dry
weight of 100 buds and the gain in total nitrogen have been used as
measures of the development of the buds during the winter months.
Growth Response
Following the pruning or nitrogen treatments of the spring
of 1925, the growth of new shoots was greatly stimulated. In the
case of the trees which received two or three summer prunings the
growth response was not proportional to the severity of the pruning
or to the amount of nitrogen available to the trees. The length of
the shoots of the trees that were summer-pruned two or three times
was little different from those summer-pruned once. However, the
continued pruning reduced the leaf area so that carbohydrates were
probably limiting. This is indicated by the long and slender roots
produced which formed few secondary branches. The application
of nitrate of soda greatly stimulated the growth of the trees, causing
more and longer shoots to be formed and the leaves to be darker
green in color and to be retained longer than those of similar trees
not fertilized.
Formation and Hardiness of Fruit Buds
In Tables 2 and 3 are given the results on the formation and
hardiness of the fruit buds for the seasons of 1925-26 and 1926-27,
respectively. As regards the formation of fruit buds or, as it is com-
monly termed, the setting of fruit buds, the data are not wholly
in agreement.
Formation of Fruit Buds
The formation of fruit buds on the Greensboro was not in-
fluenced by pruning or nitrogen applications to any appreciable ex-
tent during the season of 1925-26. (See Table 2.) This was rather
surprising in view of the wide vegetative difference of the trees in
the various treatments. The data for the season of 1926-27 (Table 3)
show that the application of nitrogen seemed to increase fruit-bud
formation on the Salwey but to decrease it on the Greensboro. When
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was reduced on the shoots of all lengths as compared with the checks.
Nitrogen applications had no effect on the formation of fruit buds
when applied to summer-pruned trees. It is believed that summer-
pruning stimulated tree growth and reduced the leaf area to such
an extent that carbohydrates limited the formation of buds by the
Salwey trees.
Hardiness of the Buds
The extent of winter-killing of the Greensboro fruit buds during
the winter of 1925-26 seemed to be related to the growth of the trees
during the previous growing season (Table 2). It appears that the
conditions which promoted the growth of the trees caused the buds
to be susceptible to winter-killing. The data of Table 2 show some
striking relations between the severity of the pruning or nitrogen
applications and the ability of the buds to withstand winter condi-
tions. The trees producing the hardiest buds were the checks. When
a four-pound application of nitrate of soda was made to similar trees
the hardiness of the buds slightly decreased.
The trees pruned severely in the dormant season produced buds
about as susceptible to injury from low temperatures as those which
had received the lighter pruning and nitrate of soda. When nitrate of
soda was applied to similarly heavily-pruned trees the buds were
still more tender. One summer-pruning reduced the hardiness of the
buds more than the heavy dormant pruning, and when nitrate of
soda was applied they were less hardy. Continued summer pruning
caused the buds to be very tender.
The degree of severity or the time of priming apparently had a
greater effect on the hardiness of the buds than the application of
nitrogen. In some instances the differences in hardiness of the buds
of the trees which did and did not receive nitrogen are not significant;
in others, however, they are. Wrhen the hardiness of the buds of all
the fertilized trees is compared with those not fertilized, the former
were significantly more tender.
During the winter of 1926-27 studies on the hardiness of the
Greensboro buds were confined to the effects of nitrogen applica-
tions. Very little injury to the buds occurred during the winter. Table
3 shows that the nitrogen applications caused the buds to be hardier
than those on trees not fertilized. The differences are small and they
are the exact opposite of what was found the previous winter. It
would seem that this disagreement may be accounted for through the
effects of the crop of fruit produced by the trees in the summer when
the buds were formed.
The trees fertilized the previous year (1925) were larger in size
and had darker green and healthier foliage than those not nitrated.
The fertilized trees suffered greater injury to the fruit buds in the
winter of 1925-26,with the result that there were less flowers to open
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Littie difference was indicated between the trees that received
four or 16 pounds of nitrate of soda in the formation or hardiness of
the fruit buds. The large amount of nitrate applied probably caused
some root injury so that the nitrogen was not absorbed. This view
is supported by the data for the total nitrogen and moisture content
of the fruit buds, which will be considered later.
The response of the Salwey to pruning and applications of nitro-
gen was quite different from that of the Greensboro (Table 3). The
check trees produced the hardiest buds, and when nitrogen was ap-
plied to similar trees there was an indication that the hardiness was
slighty decreased. The buds of the trees that had been summer
pruned were significantly more tender than those of the checks, and
when nitrogen was applied to similar trees the buds were still less
resistant. This is in agreement with the results for the Greensboro
for the previous winter. The conditions that increased or prolonged
the growth of the trees resulted in less hardy buds.
From the data presented it would seem that the conditions which
promoted the growth of the trees either by a more rapid rate of
growth or by a longer growing period caused the fruit buds to be
susceptible to winter injury. The apparent exception of the Greens-
boro during the winter of 1926-27, following a crop, indicates that
the production of fruit is an important factor in determining the
hardiness of the buds.
Relation of Length of Shoot to the Formation and Hardiness
of Fruit Buds
It may be deduced theoretically that the formation and the hardi-
ness of the fruit buds should decrease with increasing length of the
shoot on which they are borne. Casual field observations indicated
this to be true. Accordingly studies wTere made as regards the num-
ber of fruit buds formed per node and the hardiness of these buds
as affected by the conditions influencing the length of the shoot.
For these studies the shoots were divided into the following classes:
to 6, 7 to 12, 13 to 18, 19 to 24, and 25 to 36 inches.
Fruit Bad Formation
The data for the winter of 1925-26 for Greensboro show that
the short shoots, to 6 inches, formed the smallest percentage of
fruit buds, and the longest shoots, 25 to 36 inches, the highest
(Table 4). There was little, if any, difference in the percentage of
buds formed on shoots of the same length from trees that received
nitrate of soda and from those that did not. The interesting fact
brought out by the data is that in the case of the Greensboro, fruit-
bud formation increased as the length of the shoots became longer,
while the behavior of the Salwey, as will be shown later, was the
opposite in this respect.
The percentage of fruit-bud formation on the Greensboro during
the season of 1926-27 was again related to the length of the shoots
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Unit of comparison the short shoots formed the least and the longest
shoots the most buds. Applications of nitrogen to the trees had a
tendency to reduce the percentage of buds formed. In this connection
it is well to point out that with a variety like Greensboro, the effect
of nitrogen applications on the potential fruit-bearing of the trees
is through its influence on the length of the shoots rather than by
greater fruit-bud formation. This is true because the production of a
large number of long shoots increases not only the bearing area of
the trees but also the number of buds formed at each node.
Table 7.
—
Coefficients of Correlation Between Length of Shoot and Formation and
Hardiness of Greensboro Fruit Buds, 1925-26
Characters Correlated Coefficients of Correlation
No Nitrogen Nitrogen
Percentage of buds formed with length of shoot... + .808-+- .047 +.784-+- .052
...—.645-+- .079 —.31 9-1- .19,1
The short shoots of the Salwey formed the highest percentage
of buds, and as the length of the shoots increased the percentage of
fruit-bud formation became smaller (Table 6). This is the opposite
of what was found to be true of the Greensboro, and shows a marked
difference in these relationships between shoots of the same length
of the two varieties under study.
Hardiness of the Buds
The buds on the short shoots of the Greensboro were significant-
ly more resistant to freezing temperatures during the winter of 1925-
26 than those borne on the long shoots (Table 5). Hardiness varied
inversely with the length of the shoots on which the buds were
borne. The effect of nitrogen applications was to reduce the hardiness
of the buds on shoots of the same length. This was particularly true
for buds of the short shoots but in the case of the long ones there
was little difference in their resistance.
The data for the Greensboro for the winter of 1926-27 show no
difference in the hardiness of the buds borne on long or short shoots
(Table 6). The shoots of all lengths on trees that had been fertilized
with nitrate of soda had a higher percentage of buds which survived
the winter than similar classes of shoots from trees not fertilized.
This circumstance may have been due to a larger crop of fruit borne
per unit of bearing area on the trees not fertilized as compared to
the ones that had received nitrogen.
The fruit buds borne on the short shoots of the Salwey were
hardier than those on the long ones. From the data in Table 6 there
is an indication that the tenderness of the buds was proportional to
the length of the shoot on which they were borne. Nitrogen applica-
tions had little, if any, effect on the hardiness of the buds, as the
differences in resistance of the buds borne on shoots of the same
length, with or without nitrogen, are within the limits of experiment-
al error.
These relations for the Greensboro during the winter of 1925-
26 are more clearly brought out by Table 7, in which are given the
24
coefficients of correlation for the fruit-bud formation and hardiness of
the buds as correlated with the length of the shoots on which they
were produced. The percentage of fruit-bud formation was highly
correlated with the length of the shoot on which the buds were borne;
the coefficient of correlation without nitrogen was +.808 ±.047, and
with nitrogen applications, +.784 ±.052. Hardiness of the buds was
negatively correlated with the length of the shoots, the coefficients of
correlation being —.645 ±.079 and —.319 ± .121, without and with
nitrogen, respectively. The data given above and that to be present-
ed later for the Salwey show that both fruit-bud formation and
hardiness were negatively correlated with the length of the shoot.
Dry Weight of the Fruit Buds
Several investigations have shown that hardiness is related to a
low water content of the tissue. From this and other considerations it
was thought that pruning or nitrate of soda applications through
stimulation of the growth of the trees would increase the water con-
tent of the buds and thus decrease their resistance to injury from
freezing temperatures. To study the relations existing between the
dry weight of the buds to the growth conditions under which the
buds were formed, as well as the relation of their moisture content to
their hardiness, the percentage of dry weight of the buds was de-




Percentage of Dry Weight of Fruit Buds, 1926-27
Percentage of Dry Weight on









































Two summer prunings +
4 pounds of nitrate of soda
43.944
44.753
Samples were taken three times during the winter of 1925-26 for
dry weight determinations (See Table 8). The check trees had the
highest percentage of dry weight on November 20 and retained this
position throughout the winter. The summer-pruned trees had the
lowest percentage of dry weight. For several days previous to De-
cember 17, the time of collecting the second lot of samples, the
weather had been cold with the maximum temperatures ranging from
21° to 37° F. Samples taken at this time were lower in moisture than
earlier. The buds with the lowest percentage of dry weight on No-
vember 20 made the greatest gam in dry matter, while the check or
similar trees which had been fertilized and which had the highest
25
percentage of dry weight on the earlier date, lost the least water
daring the cold period.
The samples collected on January 19 were taken during another
warm period. At this time the buds had increased in moisture so that
their percentage of dry weight was approximately six percent less
than that on December 17. The buds with the highest percentage of
dry weight earlier in the season still maintained their relative position,
and those from the summer-pruned trees which had the lowest dry
weight still contained the most water. Nitrogen applications did not
have any marked effect on the percentage of dry weights of the buds.
The differences in the percentage of dry weight of the buds from
the various treatments of the Greensboro or Salwey were small dur-
ing the winter of 1926-27 (Table 9). These small differences, not
significant in some instances, indicate that the practices which pro-
moted the growth of the trees during the previous growing season
reduced the percentage of dry weight of the buds. There was a
very significant difference between the buds of the two varieties in
the percentage of dry weight as it was much higher throughout the
winter in the hardy Greensboro than in the tender Salwey.
It would seem that the practices which accelerated the growth
of the trees, or reduced the leaf area, or both, decreased the percent-
age of dry weight of the fruit buds of both varieties. These
and other data to be presented show a fairly close relation between
percentage of dry weight and hardiness of the buds.
Bound Water of the Fruit Buds
During the winter of 1925-26 the moisture content of the Greens-
boro fruit buds was found to be related to the vegetative vigor of
the trees. In view of this relation it was thought that perhaps more
of the water of the hardy buds was held tenaciously during freezing
weather and was not given up to form ice so readily as with the more
tender buds. This relation was studied during the winter of 1926-27,
and the data are given in Table 10.
The Salwey fruit buds had not only a lower percentage of dry
weight than those of the Greensboro (Table 9), but also a smaller
percentage of water held tenaciously (Table 10). There was a small-
er difference between the various treatments of the Greensboro in
the amount of bound water than in those of the Salwey. The appli-
cations of nitrogen to the Salwey trees decreased the percentage of
bound water of the buds, in some way, presumably through pro-
longed growth and carbohydrate utilization. Summer pruning ap-
parently had little or no effect on the bound water of the buds.
It is not possible to draw conclusions regarding the relation of
the water held tenaciously by the buds and their hardiness, on ac-
count of the small differences between treatments. There is some
indication that the hardy buds contained more water which was less
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Size and Increase in the Dry Weight of the Fruit Buds
Since each bud is a unit, composed of the floral parts enclosed
in a number of bud scales, the dry weight of 100 buds has been cal-
culated for the samples taken at the different times during the win-
ter. This was done to study : (a) the relation of the vegetative growth
of the trees to the size or weight of the buds; (b) the relation of the
growth of the trees to that of the buds as measured by their increase
in dry weight during the winter months. These data for the winter of
1925-26 are given in Table 11. There is an indication that the treat-
ments which promoted the growth of the trees caused the buds to
be smaller at the time the first samples were taken than those not
forced to grow so late. The check trees had the largest buds on No-
vember 20, and remained so to January 19. The heavy dormant
pruning, summer-pruning, or nitrate of soda applications had reduced
the size of the buds at the time the first samples were taken.
There was an appreciable increase in the dry weight of the buds
from November 20 to January 19 (Table 11). The buds from the
trees that had received the application of nitrate of soda made the
greatest growth with the exception of the trees that had been pruned
two or three times during the preceding summer. In the latter case
the fruit buds from the trees not fertilized made the greatest growth.
The summer-pruning reduced considerably the leaf area and at the
same time stimulated the growth of the trees. Applications of nitrogen
to these trees caused increased vegetative growth, and apparently
the carbohydrates had been utilized during the summer and fall at
the expense of the fruit buds.
In the fall of 1926 the Greensboro fruit buds borne on the trees
fertilized with nitrate of soda were larger on November 15 than those
from similar trees not fertilized (Table 12). By January 28, 1927,
the fruit buds of the latter had grown until they were practically as
large as those of the former, with the exception of the buds of the
trees of Row 29. In this case apparently there has been cross feeding
of the root systems of the trees not fertilized and probably root in-
jury to those that received the 16 pounds of nitrate of soda, as is in-
dicated by the moisture and nitrogen content of the buds. The re-
sults with the Greensboro are different from those of the previous
winter in that the trees fertilized with nitrate of soda had the small-
est buds at the beginning of winter and these grew more rapidly than
those of the trees not fertilized.
The probable explanation for this difference in the growth of
the buds is that the crop of fruit produced in the summer of 1926
altered the nutritional conditions so that the nitrogen trees with the
larger leaf area were able to produce the crop and at the same time
store more carbohydrates than those not fertilized. This difference
in the growth of the buds during the winter apparently accounts for
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There was little difference in the size of the Salwey buds from
the trees of the various treatments on November 15 (Table 12). It
would seem that the two summer prunings reduced the size of the
buds and retarded their growth during the winter. Nitrogen appli-
cations caused the buds to be larger and increased the amount of
growth they made from November 15 to January 28. The buds of
the Salwey were considerably smaller than those of similar Greens-
boro trees.
It appears that the practices, pruning or nitrate applications,
which stimulated the growth of the trees or prevented the accumula-
tion of food materials, through growth or production of fruit, re-
duced the weight of the buds at the approach of winter. There is a
strong indication that the buds on the more vegetative trees which
made greater gains in dry weight during the winter months than the
buds on the less vegetative trees were due, in part, to the relatively
high water content of the vigorous buds. The data presented show
that there was a negative correlation between the increase in dry
weight of the buds and their hardiness.
Percentage of Total Nitrogen in the Fruit Buds
In some earlier work (20) on the influence of nitrate of soda on
peach trees it was shown that application of nitrate decreases the
hardiness of the fruit buds. It was also shown that there are residual
effects from the nitrogen the following year. These results give
weight to the idea that buds high in nitrogen are susceptible to in-
jury from freezing temperatures. To study the effect of pruning and
nitrate of soda applications on the nitrogen content of the buds and
the relation of the latter to hardiness, total nitrogen determinations
were made of the buds from the various treatments during the win-
ters of 1925-26 and 1926-27. These data are given in Tables 13 and
14.
In general, the buds that were high in percentage of dry weight
were low in percentage of total nitrogen, while those low in dry
weight were high in total nitrogen. In other words, there seems to
be a close relation between the moisture and nitrogen content of the
buds. The data for the total nitrogen content of the buds at intervals
through the winter of 1925-26, expressed in percentage of the dry
weight of the fruit buds, are given in Table 13. These data show that
during the winter there is a steady increase in the percentage of
total nitrogen of the buds, as it was the lowest in November and the
highest in January.
Pruning was a more important factor in determining the nitrogen
content of the buds than was the application of nitrate of soda. The
check trees had the lowest percentage of nitrogen in the buds at the
time the first samples were taken and retained this position through
the winter. The trees which were pruned heavily in the dormant sea-
son or which were summer-pruned had a high percentage of total
nitrogen content of the buds. However, the buds from the trees which
had been summer-pruned two or three times and had been fertilized
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siderable part of the nitrogen that was available to the fertilized trees
probably had been used up in the growth of the trees, so that at the
beginning of dormancy less of this material was stored than in the
case of the trees not fertilized.
During the winter 1926-27 it was again found that applications
of nitrate of soda made at the beginning of the previous growing
season increased the percentage of total nitrogen in the buds as com-
pared to similar ones not fertilized. The data of Table 14 would
suggest that the unfertilized trees of Row 29 had been cross-feeding
in the fertilized areas, as the buds of these trees had a higher nitrogen
content than those from the fertilized trees.
Table 15.
—
Coefficients of Correlation Between Moisture, Total Nitrogen, and Hard-
iness of Greensooro Fruit Buds, 1925-26 :
„, . „. , . , Coefficients ofCharacters Correlated Correlation
Total moisture of the buds with their total nitrogen content + .408+.106
Increase in dry weight of the buds from Nov. 20 to Jan. 19
with the percentage of total nitrogen + .616+ .079
Increase in dry weight of the buds from Nov. 20 to Jan. 19
with the percentage of total moisture +.386+ . 108
Increase in dry weight of the buds from Nov. 20 to Jan. 19 ' , .
with the precentage of buds alive •—.511+. 094
Percentage of buds alive with their total moisture content —.864+ .032
Percentage of buds alive with their total nitrogen content —.679+ . 068
Summer-pruning increased the percentage of total nitrogen in
the buds of the Salwey. The buds of these trees were the highest in
nitrogen at the beginning of dormancy and remained so throughout
the winter. The buds of both varieties increased in total nitrogen dur-
ing the winter, as they were lowest in nitrogen in the fall and the
percentage became greater as the winter advanced. The fruit buds of
the Salwey contained a significantly larger percentage of total nitro-
gen than those of the Greensboro. The buds of the Salwey contained
about three percent more water than those of the Greensboro, and
in total nitrogen there is still a greater difference between the varie-
ties.
To show more clearly the relations existing between moisture,
nitrogen, increase in dry weight, and hardiness of the buds of Greens-
boro, coefficients of correlation have been calculated and are given in
Table 15 for the winter of 1925-26. The moisture content of the buds
was positively correlated with the percentage of total nitrogen. Like-
wise, the growth of the buds as measured by the increase in dry weight
was significantly and positively correlated with their total nitrogen
and moisture content. The percentage of buds that came through the
winter uninjured was found to be negatively correlated with their
gain in dry weight, with the total nitrogen content, and with the
total moisture content of the buds. The coefficients of correlation
are —.5 11 ±.094, —.679±.068, and —.864±.032, respectively. The
data for the Salwey indicated that these relations also hold for this
variety. The wide differences in dry weight and total nitrogen be-
tween the Greensboro and Salwey are closely related to the hardiness
of the buds of these two varieties.
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Total Nitrogen in One Thousand Fruit Buds
It has been demonstrated that nitrates influence the growth and
hardiness of peach buds and theoretically there are good reasons for
expecting such results. Since few data are available on this aspect
of the problem the actual nitrogen content of the buds was determin-
ed. Furthermore, the gain in total nitrogen of the buds during the
winter months would be a measure of their growth or of the move-
ment of nitrogen into them. For these reasons the total nitrogen con-
tained in 1,000 fruit buds has been calculated, and the data are given
in Tables 13 and 14. There is an indication that during the winter of
1925-26 the buds from the trees not fertilized with nitrate contained
less total nitrogen, although they were larger in size, than the ones
from the fertilized trees (Table 13). All of the buds increased in
total nitrogen from November 20 to January 19. The buds from the
unfertilized trees made the most significant increase in total nitrogen
during this period, excepting those from the trees which had been
summer-pruned two or three times.
The increase in total nitrogen in the fruit buds was much more
significant for the winter of 1926-27 than for the previous one (Table
14). These data show that the treatments which promoted the growth
of the trees increased the amounts of total nitrogen in the buds. The
buds from the checks or from trees that had not been fertilized were
lower in total nitrogen from November 15 to January 28 than those
from similar trees which had received nitrate of soda. During this
period there was a very significant increase in the amounts of total
nitrogen in the buds of the trees of all treatments, excepting one,
which was probably due to error. The buds from the Greensboro trees
not fertilized made the most significant increase in total nitrogen,
while the opposite was true of similar trees of the Salwey.
It seems that the increase in total nitrogen was associated with
the growth of the fruit buds, as the gain in dry weight follows closely
that of nitrogen. It should be pointed out that the Salwey buds, al-
though of smaller weight, contained as much or more total nitrogen
than those of the hardy Greensboro.
Composition of the Fruit Buds
The data presented have shown that hardiness is associated with
a low water and total nitrogen content of the fruit buds. The growth
of the buds as measured by the increase in dry weight and gain in
total nitrogen was found to be related to the vegetative conditions
of the trees. The practices that stimulate the growth of the trees
influence not only the amounts of carbohydrates used in growth
but also the quantities stored. In view of these facts and in the belief
that there might be some relation between carbohydrate storage
and the growth and hardiness of the buds, analyses were made of
samples collected from trees under the various treatments, on Jan-
uary 28, 1927. These data are given in Table 16.
Summer-pruning or nitrogen applications had little effect on
altering the composition of the fruit buds within the variety. It is
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expected that greate.r differences would have been found had analysis
been made of the bark or wood on which the buds were borne, since
these serve as storage tissues. The data of Table 16 show a wide
difference between the buds of the two varieties, Greensboro and Sal-
wey, in the percentage of reducing sugars, total sugar and starch, as
well as moisture and total nitrogen. It seems reasonable to assume
that the larger amounts of reducing and total sugars of the Salwey
buds were associated with the greater growth response of this variety.
The Salwey fruit buds contained approximately twice the percentage
of starch as those of the Greensboro.
Applications of nitrate of soda or summer-pruning had no effect
on the percentage of sugars or starch found in the buds. There was
considerable difference between the two varieties in the percentage
of alcohol-soluble non-sugars present, and the larger amounts were
found in the buds of the hardy Greensboro. Applications of nitrate
of soda seemed to have some effect on the percentage of alcohol-
soluble non-sugars, as a comparison between these materials and the
percentage of total nitrogen shows that the buds with a low nitrogen
content had a larger amount of the former present. It seems that
nitrogen applications caused a greater reduction in the percentage of
alcohol-soluble non-sugars in the buds of the Salwey than in those
of the Greensboro.
It would seem that the reserve food materials of the Greensboro
are largely in forms not readily available for growth. The Salwey
buds contained the largest quantities of soluble food materials and
the smallest amounts of alcohol-soluble non-sugars and made the
greatest response, as will be shown later. The growth of the buds
was, apparently, the result of the nutritional conditions—a high
sugar, water, and total-nitrogen content.
DISCUSSION
Greensboro and Salwey have been shown to differ greatly in re-
spect to the formation of fruit buds. With the former variety there
was a high and positive correlation between the percentage of fruit-
bud formation and the length of the shoots on which they were
borne, while with Salwey the opposite was true. It follows then that
the practices that cause the production of long shoots increase fruit-
bud formation on the Greensboro and reduce it on the Salwey. When
shoots of the same length are considered, dormant or summer-prun-
ing had no effect on the formation of fruit buds on the Greensboro.
Fertilization with nitrate of soda had effects similar to that of prun-
ing, except in the year that a crop of fruit was borne, when the per-
centage of buds formed was reduced on the shoots of all lengths
of this variety. Summer-pruning decreases and nitrogen applications
increase fruit-bud formation on the shoots of all lengths of the
Salwey.
Dormant or summer-pruning has been shown to reduce the re-
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of soda had effects similar to that of pruning on the hardiness of the
buds, except during the winter of 1926-27, when the buds on the
nitrated Greensboro trees were more resistant than the unfertilized
ones. This was due probably to the crop of fruit produced the pre-
vious summer. The writer (20) has reported that fertilization with
nitrate of soda causes the fruit buds to be tender and that the degree
of susceptibility to injury is in relation to the amounts applied. These
horticultural practices stimulate tree growth in two ways : by increas-
ing the rate of growth, and by prolonging the growing period. As
a result of the more vegetative condition of the trees, longer shoots
and more of them are produced. The buds borne on the long shoots
are more tender than those of the short ones. A fairly high degree of
negative correlation exists between the length of the shoots and the
hardening of the buds of both varieties.
It has been observed by growers in years of severe winter in-
jury to peach buds that the bulk of the crop is produced on the short
shoots which resemble spurs, and the balance by the buds borne at
the base of the longer shoots. Craig (19) has reported that in Canada
some varieties of peaches may have their terminal shoots killed back
each year, yet will produce fruit generally upon the spurs situated on
the older wood. It follows that the more the trees are forced to
grow, the more tender the buds will be because of the longer shoots
if for no other reason. It seems permissible then to draw the con-
clusion that the conditions which cause some shoots to grow long
and others to grow short have an effect on the hardiness of the buds.
The nutritional conditions that have been associated with growth
are a high moisture and nitrogen content in proportion to the car-
bohydrates, or a narrow carbohydrate-nitrogen ratio. Pruning or
nitrogen application increases the percentage of moisture and nitro-
gen contained in the buds. There is a fairly high degree of negative
correlation which exists between hardiness and moisture and the
nitrogen content of the buds.
The amount of injury to the buds would appear to be related to
the growth made the previous growing season by the trees and this
is associated with the water and nitrogen made available by pruning
or nitrogen applications, or both. Not only is the production of wood
by the trees increased by these practices, but also the growth of the
buds as measured by their gain in total nitrogen and dry matter dur-
ing the winter months. It has been shown that there is a significant
positive correlation between the nitrogen or moisture content of
the buds and their growth during the winter, and that the increase
in the dry weight of the buds is negatively correlated with hardiness.
The buds of the Salwey have been found to contain a larger per-
centage of reducing sugars, total sugar, and starch than those of the
Greensboro, while the buds of the Greensboro are high in alcohol-
soluble non-sugars and hemicellulose. It appears that the food re-
serves of the Greensboro are less available for growth than are those
of the Salwey, and this, in a measure, may account for the difference
in growth and hardiness of the buds of the two varieties.
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PART II
The Influence of Ringing and Nitrogen Applications on the
Formation, Composition, Growth, and Hardiness of Fruit Buds
Ringing has been shown by many experiments to reduce growth
and to increase fruit-bud formation. Chandler (16) has pointed out
that the sap concentration of the roots of ringed peach trees was less
than that of similar ones not girdled. The work of Curtis (24) and
Harvey (44) showed that ringing reduced the nitrogen and caused
an accumulation of carbohydrates above the ring. As the growth
and nitrogen content are reduced by ringing and as carbohydrates ac-
accumulate, these conditions theoretically should result in increased
fruit bud formation and hardiness.
The hardiness of the buds may be influenced in two ways : (a)
due to the accumulation of carbohydrates the sap concentration would
be increased as shown by Chandler (16) and Curtis (24) and as a
result there would be a greater quantity of complex carbohydrates
and hydrophyllic colloids, causing greater retention of water against
the drying forces of freezing than would be true of more vegetative
tissue; (b) the accumulation of carbohydrates would perhaps in-
crease the length of the rest period as suggested by Howard (52)
and Abbott (1).
In order to study the effects of ringing on the formation, com-
position, growth, and hardiness of peach fruit buds the following
treatments were used.
Treatments
In these experiments the main scaffold limbs were ringed by re-
moving a strip of bark about one-fourth inch wide from around the
limb. Care was taken to see that all of the phloem was removed at
the time of ringing. After the bark was removed the wound was im-
mediately covered with grafting wax. The previous and subsequent
treatments of the trees used as well as the time of ringing may be
summarized as follows
:
Row 27. Greensboro: 1925, Light dormant and two summer prunings.
1926, Corrective pruning. 1927, Corrective
pruning and all of the main limbs on each tree
ringed on June 20.
Row 28. Greensboro : 1925, Heavy dormant pruning. 1926, Corrective
pruning. 1927, Corrective pruning and one main
limb on each tree ringed on June 20.
Row 29. Salwey: 1925, Light dormant and three summer prunings.
1926 and 1927, Corrective pruning and all limbs
on each tree ringed on June 11, 1926, and June
21, 1927.
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Row 30. Salwey : 1925, Heavy dormant pruning. 1926 and 1927, Cor-
rective pruning and half of all of the limbs on
each tree ringed on June 11, 1926, and June 21,
1927.
Row 31. Greensboro and Salwey: 1925, Light dormant pruning. 1926
and 1927, no treatment. These trees were used
as the checks.
The severity and type of pruning given was the same as that
described in Part I. Each spring a standard 4-pound application of
nitrate of soda was applied at the time of blooming to every other
tree in all rows.
EXPERIMENTAL RESULTS
In these studies the effects of ringing and the application of
nitrate of soda on the growth response of the trees has been observed.
The influence of these practices on the dry weight, bound water, total
nitrogen, and carbohydrate content of the buds has been determined.
The changes in dry weight and total nitrogen content of the buds
have been followed through one winter. The growth of the buds as
measured by their increase in dry weight, gain in total nitrogen, gain
in diameter of the naked buds and the development of the pollen dur-
ing the winter months has been followed. These various phases
of the problem will be considered in detail.
Growth Response
Within a short time, one to two weeks, after the limbs had been
ringed, all terminal growth ceased, and terminal buds were formed.
By the end of a month the leaves had taken on a yellow color which
became deeper and finally, in late fall, changed to a deep reddish-
orange. The bark likewise changed color and in late fall the shoots
of the ringed limbs were a bright to a deep red. This was particular-
ly noticeable with the shoots of the Salwey which are normally a
brownish-green color. The development of bright pigments in the
leaves and bark indicates the accumulation of sugar and the forma-
tion of complex compounds of high molecular weight. Not only was
the change in color evident but the shoots produced on the girdled
limbs were much more stocky: i. e., they were larger in diameter
in proportion to their length than those borne on similar limbs not
ringed. Leaf fall took place on the girdled Salwey and the normal
Greensboro trees at about the same time. The leaves on the ringed
limbs were shed in advance of those of the normal trees of the same
variety.
Marked differences were observed in the time of blooming of-
the trees in the various treatments in the spring of 1928. The check
trees of the Salwey bloomed about two days earlier than similar ones
of the Greensboro. Of the treatments under consideration the blos-
soms first to open were on the trees that had received only nitrate of
38
soda; then in order of blooming were the checks and finally the trees
that had been ringed.
The ringed trees bloomed about a week to ten days later than
the check trees. The development of the flower and leaf buds was
retarded in all cases by the ringing. At bloom the normal order of
the opening of the flowers of both varieties was reversed: i. e., the
buds at the base of the shoots on the ringed limbs opened first, and
blooming proceeded toward the terminals. The check and fertilized
trees of both varieties bloomed normally. No explanation for this
reversal in the normal activities of the ringed trees can be given.
The explanation will probably be found in a change in the normal
distribution of water, nitrogen, and food materials to the buds on
the different parts of the shoot.
Formation and Hardiness of the Fruit Buds
In Tables 17 and 18 are given the data for the formation and
hardiness of the fruit buds as influenced by ringing and nitrate of
soda applications. In both years the trees probably were ringed too
late in the growing season for this practice to have much effect on
the formation of fruit buds.
Formation of Fruit Buds
The data for the winter of 1926-27 show that nitrogen applica-
tions increased the percentage of fruit buds formed (Table 17). In
some instances the increase in fruit-bud formation following the
nitrogen applications was small but significant. In no case did ring-
ing increase the formation of fruit buds over that of the checks.
Perhaps the most striking results from the different treatments on the
formation of fruit buds were those obtained when half of the limbs
of the trees were ringed and the others left normal (Row 30). Nitro-
gen applications had no effect on the percentage of buds formed on
the ringed halves of these trees ; neither did it have any influence
on the normal limbs of the same trees.
The percentage of fruit-bud formation on the normal limbs was
greatly reduced when some of the limbs on the same trees were ring-
ed. Girdling half of the limbs on a tree not only disturbed the nutri-
tional conditions above the ring but affected the limbs not girdled, as
fewer buds were formed, and these were more tender than those of
the checks. These and other data to be presented later indicate that
ringing half of the main limbs of a tree and leaving the others nor-
mal affects both sides of the tree.
There would seem to be little question but that ringing half of
the branches of the trees prevented to some extent the upward move-
ment of nitrogen, and as a result the limbs not girdled received that
which normally would have been used throughout the entire tree
tops. This increased nitrogen that was available to the limbs not ring-
ed apparently produced nutritional conditions very similar to that
caused by two summer prunings (Part I), which resulted in reduced
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radial translocation of some of the nitrogen at least, and in this
respect these results do not agree with those of Auchter (6), who
found that nitrogen taken up by the roots on one side of the tree
goes to the corresponding side of the tree top.
The results for the year 1927-28 were very little different from
those of the previous one (Table 18). When all of the limbs on the
trees were ringed, fruit-bud formation was slightly increased on both
varieties. Ringing certain limbs on a tree had little or no effect on
the formation of fruit buds on either the ringed or normal branches
of either variety. Nitrogen applications likewise had little or no ef-
fect on fruit-bud formation. The slight effect of ringing on the forma-
tion of the fruit bud may be explained in one of two ways : either it
had probably been initiated before the trees were ringed, or it was
done too late to affect sufficiently the carbohydrate-nitrogen rela-
tions before fruit-bud initiation.
Hardiness of the Buds
The fruit buds borne on branches ringed during the previous
June were no hardier during the winter of 1926-27 than were those of
the checks, except when nitrogen was applied (Table 17). It has
been pointed out previously that in the winter of 1927-28 a mini-
mum temperature of 23°F. on March 17 killed a rather large per-
centage of the pistils of the fruit buds of the Salwey and a few of
the Greensboro. It is not known whether only pistils or, in some
cases, the entire buds were killed at this time. The data are unusual
and to the writer's knowledge no similar case has been reported.
The effect of the nitrogen applications made at the time of bloom-
ing in the spring of 1927 on the hardiness of the Salwey buds during
the winter of 1927-28 is clear in so far as the fertilized trees had the
largest percentage of live buds (Table 18). Ringing a part of the
entire tree increased the percentage of buds of both varieties which
came through the winter uninjured. The application of nitrogen to
the girdled trees also resulted in still greater hardiness of the buds.
Ringing all of the branches of a tree was more effective in increasing
the hardiness of the buds than when only a part of the limbs were
girdled. This difference probably was due to the low moisture and
nitrogen content of the buds of the ringed limbs, as will be "shown
later.
An examination of the data reveals that applications of nitrogen
to the Salwey trees resulted in injury from cold to the pistils of the
buds. It has been shown that fertilization with nitrogen or pruning
increases the nitrogen content of the buds and that this is negative-
ly correlated with hardiness. The lack of hardiness in the buds of
high nitrogen content has been shown to be due to the growth of the
buds as measured by the gain in dry weight and total nitrogen during
the winter months. Then the explanation for the resistance of the
buds which received nitrate of soda seems to be that they were ad-
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vanced in their development and had passed the stage when the pis-
tils were most susceptible to injury, or they were less active vegeta-
tivelv at the time of the low temperature in March. The former
explanation seems the most probable in view of data to be presented
later.
In the case of the Greensboro, pistil killing was very slight, but
there was some indication that fertilization caused the buds to be
susceptible to this injury. This would seem to be opposed to the
explanation just offered for the Salwey. It will be shown later that
during the winter the buds of the Greensboro were much less ad-
vanced in their development than the Salwey. Hence if fertilization
of the Greensboro accelerated the development of the buds, they
were, in this instance, in a stage more susceptible to injury than those
on similar trees not fertilized.
The amount of injury to the buds of the two varieties in both
winters perhaps was not sufficiently severe to bring out the differ-
ence in hardiness that would appear to have existed between the
various treatments.
Table 19. Influence of Length of Shoots and of Hinging with and without Nitrate of Soda
Applications on Formation and Hardiness of Salwey Fruit Buds, 1926-27*
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*Data for Row 30 only. One-half of the main limbs on each tree were ringed on June
11. 1926.
43
Relation of Length of Shoot to the Formation and Hardiness
of Fruit Buds
In order to study certain relationships, the data of Row 30 have
been separated into four groups according to treatment : ringed plus
nitrogen, not ringed plus nitrogen, ringed and no nitrogen, and, not
ringed and no nitrogen. The data have been further divided into
five classes, according to the length of the shoots. These data for
the Salwey for the winter of 1926-27 are given in Table 19. Ringing
half of the main limbs of the trees during June was found to increase
the percentage of fruit buds formed on the shoots of all lengths as
compared to the formation of buds on the same trees but on branches
that had not been girdled.
Table 20.
—
Coefficients of Correlation for Formation and Hardiness of Fruit Buds
as Correlated with Length of Shoot on Which the Buds were Borne, 1927-28
Characters Correlated Coefficient of Correlation
Salwey Greensboro
Percentage of buds formed with length of shoot . . .
Percentage of buds alive with length of shoot.. .
—.712-+-.048 +.856-+-. 029—.482-K075 —.597-K069
The striking relation brought out by the data of Table 19 is that
ringing increased fruit-bud formation on the long shoots so that
they formed approximately the same percentage of buds as did the
short ones. The hardiness of the buds on shoots of the same length
was not influenced by ringing or nitrate of soda applications. Hardi-
ness was related to the length of the shoot on which the buds were
borne, as the hardiness of the buds decreased as the length of the
shoot increased.
Detailed data for the winter of 1927-28 are not included for the
reason that they are little different from that given in Part I. The
trees were probably ringed too late in the summer of 1927 for the
ringing to have any appreciable influence on the formation of fruit
buds. Coefficients of correlation have been calculated for the forma-
tion and hardiness of the buds with the length of the shoot on which
they were produced, and these are given in Table 20. In calculating
the coefficients of correlation all of the data for the season, for each
variety, have been included. Thus the data do not show the differ-
ence in iruit-bud formation or hardiness of the buds due to treatment
but simply the general behavior of the varieties. This has been done
because it was thought unnecessary to distinguish between treat-
ments, since the growth conditions that produced long shoots caused
the buds to be tender.
The hardiness of the buds of both varieties was negatively cor-
related with the length of the shoots. The coefficients of correlation
between the length of the shoots and the percentage of buds alive
for the Salwey and Greensboro are: —.482±.075 and —.597±.069,
respectively. The formation of fruit buds on the Salwey was nega-
tively, and on the Greensboro positively, correlated with the length
of the shoot. These coefficients are —.712±.048 and + .856^029, re-
spectively.
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Dry Weight of the Fruit Buds
It has been shown that the practices which increased the growth
of the trees decreased the percentage of dry weight of the fruit buds
(Part I). To study the effects of ringing and of nitrate of soda ap-
plications on the percentage of dry weight of the fruit buds, samples
of buds from the various treatments were taken three times during
the winter of 1926-27 and once in the winter of 1927-28. These data
are given in Tables 21 and 22. Ringing slightly increased the per-
centage of dry weight of the Salwey buds during the winter of 1926-
27 (Table 21). There is an indication that when half of the branches
of a tree were ringed, the buds borne on the girdled limbs had a
slightly higher percentage of dry weight than those on the normal
ones. These differences are too small in some instances to be math-
ematically significant. Fertilization with nitrate of soda may have
increased the percentage of moisture in the buds as is indicated in
the data, but the differences are too small in most instances to be
significant. This probably was due to the early healing of the ring-
ing wounds, so that the normal food movements were reestablished
before cessation of growth.
Table 21.
—
Influence of Ringing and Nitrogen Applications on Percentage of Dry
Weight of Salwey Fruit Buds, 1926-27
Percentage of Dry Weight on:
Row Treatment
Nov. 15 Dec. 17 Jan. 2S
30 Ringed i Limbs on the 45.877 46.458 44.157
30 Not" ringed i same trees 44.633 45.718 43.550
30 Ringed + 1 47.496 47.075 45.704
nitrogen 1 Limbs on the
30 Not ringed f same trees 46.423 45.437 43.651+ nitrogen J
31 Nitrogen 45.S39 46.220 44.174
31 Check 46.332 46.577 45.199
29 Ringed -,• nitrogen 46.594 46.756 44.897
29 Ringed 46.306 46.865 45.372
Rather wide differences in the percentage of dry weight of the
buds existed on January 17, 1928 (Table 22). The percentage of
dry weight of the buds was significantly increased by the ringing
in all cases. Applications of nitrate of soda had very little effect on
the percentage of dry weight of the buds regardless of whether they
had been ringed or not. The large difference in the percentage of dry
weight of the buds of the Salwey and Greensboro should be pointed
out, since the buds of the Greensboro contained from five to eight
percent less water than the Salwey. Not all of this difference was in
the floral parts of the buds, and the data would be misleading with-
out an explanation.
Examination of the buds of the two varieties showed that those
of the Greensboro differed in character from those of the Salwey.
The scales of the former variety were not only larger, but there
were more around each bud than in the case of the Salwey. Although
the fruit buds of the Greensboro as they existed on the shoots were
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larger in size and when removed weighed more than similar ones of
the Salwey, yet when freed from scales they were considerably
larger, as will be shown later. Since some of the scales were dead it
is reasonable to assume that their water content was less than that of
the floral organs. For this reason it would seem that the water con-
tent of the floral organs of the Greensboro buds was higher than the
data indicate.
Bound Water of the Fruit Buds
The water held by the buds after drying for 144 hours at 30° C.
has been termed bound water. Ringing by causing an accumulation
of carbohydrates would, perhaps, increase the colloids of the cells
which would be able to retain water against drying forces. To study
this relation, determinations of the bound water in the buds were
made during the winters of 1926-27 and 1927-28. These data are
given in Tables 23 and 24. The treatments employed in these studies
had very little efftct on the percentage of bound water of the fruit




Influence of Hinging and Nitrogen Applications on Percentage of Dry
Weight of Greensboro and Salwey Fruit Buds on January 17, 1928
Percentage of Dry Weight of Buds
Treatment Salwey Greensboro
Ringed ) Limbs on the 4S.293+ .144 56. 887+. 217
Not ringed ] same trees 45.947±.176 52.S14+ .304
Ringed + nitrogen Limbs on the 48. 695;+:. 302 56.117+. 377
Not ringed + nitrogen same trees 46.066+ .297 52.S51+.155
Check 46.391+.202 53.790+.031
Nitrogen 45.P11+.167 53. 272+. 059
^inared 49.34S+.290 57.033+. 194
Ringed + nitrogen 49. 675+ . 209 56.700+. 105
There is an indication that ringing increased and that applica-
tions of nitrate of soda decreased the percentage of bound water of
the buds. The differences between the various treatments although
small are consistent and indicate that the conditions that caused ac-
cumulation of carbohydrates increased the percentage of bound
water and hardiness of the buds. In both seasons the buds collected
late in the winter had in most instances a smaller percentage of
bound water than earlier. This was especially true during the winter
of 1927-28. The decrease in bound water from early to late winter
probably was due to the growth and other metabolic processes of
the buds.
Size and Increase in Dry Weight of the Fruit Buds
As a measure of the growth of the buds during the winter months
of 1926-27, the dry weight of 100 buds was calculated. Data are given
in Table 25. These data show that the buds produced on ringed limbs
or trees were larger on November 15, 1926, than those borne on
similar ones not girdled. Fertilization had practically no influence
on the size of the buds. During the winter months the buds of the
fertilized trees made the most and the ones on the girdled limbs the
46
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least increase in dry matter. It has been shown (Part I) that a high de-
gree of negative correlation exists between the increase in dry weight
of the buds during the winter and their susceptibility to winter in-
jury. Data on the size and growth of the buds for the winter of 1927-
28 will be considered later.
Table 24.
—
Influence of Ringing and Nitrogen Applications on Percentage of
Bound Water in Teach Buds, 1927-28
Percentage of Bound Water
Treatment Salwey Greensboro
Jan. 17 Feb. 28 Jan. 17 Feb. 28
Ringed
\
Limbs on the 1.974 .... 2.309 ....
Not ringed j same trees j.771 .... 2.121 ....
Ringed + nitrogen Limbs on the 1.932 .... 1.909 ....
Not ringed + nitrogen \ same trees 1.768 .... 1.829 ....
Check 1.771 1.580 2.011 1.658
Nitrogen 1.823 1.421 1.769 1.528
Ringed 2.067 1.552 1.948 1.684
Ringed + nitrogen 1.904 1.408 1.847 1.579
Percentage of Total Nitrogen in the Fruit Buds
The work of Curtis (24) and Harvey (44) showed that ringing
reduces the percentage of nitrogen in the tissue above the ring. To
study this relation in peach fruit buds the total nitrogen in samples of
buds from the various treatments was determined three times during
the winter of 1926-27, and twice in the winter of 1927-28. These
data are given in Tables 26 and 27. Fruit buds produced on the trees
that had received nitrate of soda contained a higher percentage of
total nitrogen during the winter of 1926-27 than did those from simi-
lar ones not fertilized (Table 26). Ringing half of the main limbs of
a tree reduced the percentage of total nitrogen in the buds above the
rings. When all of the branches on a tree were ringed, fertilization
increased the percentage of nitrogen in the buds.
Table 26. Influence of Ringing and Nitrogen Applications on Percentage of Total
Nitrogen of Salivey Fruit Buds. Dry Weight Basis, 1926-27
Percentage of Total Nitrogen in
Row Treatment Fruit Buds on:
Nov. 15 Dec. 17 Jan. 28
30 Ringed (Limbs on the 1.S90HK063 1.930 1.983±.044
30 Not ringed (same trees 2.072±.039 2.002 2.097+.035
30 Ringed -f nitrogen (Limbs on the 1.926±.063 1.999 2.066+.082
30 Not ringed + nitrogen (same trees 2.193±.019 2.233 2.227±.061
31 Nitrogen 2.097-+-.049 2.121 2. 136;+;.037
31 Check 1.872+ .035 1.896 1.925^.024
29 Ringed + nitrogen 2.119±.067 2.164 2.237±-046
29 Ringed 1.899-K037 1.905 2.009-K027
In no case was there a reduction in the percentage of total nitro-
gen in the buds when all of the limbs were ringed as compared to
those of the check trees. Apparently the ringing wounds had healed
and sufficient time had elapsed for equilibrium between the nitrogen
content of the root and top to have been reestablished. There is
48
some indication that the percentage of total nitrogen was slightly
greater on January 28, 1927, than on November 15, 1926. Although




Influena of Ringing and Nitrogen Applications on Told Nitrogen Con-
tent of Peach Fruit Buds, 1927-28 •
Percentage of Total Nitrogen, Dry
Weight Basis
Treatment Salwey Greensboro
Jan. 17 Feb. 2S Jan. 17 Feb. 28
Ringed
| Limbs on the 1.617 1.291
Not Ringed j same trees 1.79S .... 1.572
Ringed + nitrogen j Limbs on the 1.65S .... 1.328 ....
Not ringed + nitrogen ) same trees 2.079 .... 1.722 ....
Check 1.714 1.915 1.440 1.598
Nitrogen 1.942 2.081 1.609 1.703
Ringed 1.639 1.749 1.209 1.248
P n-ed -±- nitrogen 1.S74 1.936 1.236 1.301
The fruit buds borne on the main scaffold branches that had
been ringed in late June, 1927, were found to contain significantly
less total nitrogen during the winter of 1927-28 than the buds from
similar normal limbs (Table 27). Ringing was more effective in re-
ducing the nitrogen contained in the buds during the winter of 1927-
28 than in the previous one. This probably was due to the difference
in time of ringing. When all the branches were ringed and fertilized
with nitrate the fruit buds contained significantly more total nitrogen
than those of similar limbs that had been ringed but not fertilized.
The data show that the Salwey buds contained a much higher per-
centage of total nitrogen than similar ones of the Greensboro. It
should be pointed out that the water content of the buds was in the
same relation as that of the total nitrogen during both winters.
Table 29. Influence of Flinging and Nitrogen Applications on Total Nitrogen in
1000 Fruit Buds, Jan uary 17, 1928
,






Limbs on the -rfl^^i? ^fl^oo"
Not ringed I same trees .1424^.0053 .1-1 .±.0022
F-nged * nitrogen / Limbs on the -l^+.OOeO 'IsSS^'ooISNot ringed -f nitrogen j same trees .Io82±.00o2 .13bb±.00.J4
oheck 1415±.0014 .1284+ .0021
Nitrogen ".".'.'.".'. '.'.'.'. "."!!... 1600±.0001 .1467±.0044
R iT10. Pr1 ... .1246-+-.0078 .09S7±.0010
R ! n ?ed +" nitrogen •::::::::::::::: i 3 oi±.oq34 .io46±.oo34
Total Nitrogen in One Thousand Fruit Buds
The total nitrogen contained in 1,000 fruit buds from the various
treatments has been calculated for each of the two winters involved
in the experiments. These data are given in Tables 28 and 29. Ring-
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buds during the winter of 1926-27 (Table 28). The nitrogen content
of the fruit buds was very largely determined by the amount of this
material available to the trees, for in every instance buds produced
on fertilized trees contained more total nitrogen than similar ones
not fertilized. These differences are not great enough to be mathe-
matically significant in some cases, but in view of the data it would
seem that such a conclusion is justified. There was a significant
increase in the nitrogen of the buds from November 15, 1926, to
January 28, 1927. However, there was very little difference between
the buds from the ringed limbs and the ones not girdled in this
respect. The slight increase in the percentage of total nitrogen from
November to the last of January would not account for the large
gain found.
It has been shown that the fruit buds increased in dry weight
from 20 to 38 percent. Thus, the larger amounts of total nitrogen in
the buds in late January were largely due to their growth during this
period. It should be mentioned not only that there was an increase in
the amounts of nitrogen in the buds from November 15 to December
17, but also that they gained in dry weight. This is significant, since
the trees are supposed to be in their deepest rest at this time of the
winter. The increase in dry weight and total nitrogen of the buds
from November 15 to December 17 was approximately the same as
that for the slightly longer period from December 17 to January
28.
Samples were taken for moisture and nitrogen determination
only on January 17, 1928, and for this reason the changes in the
nitrogen content of the buds cannot be followed for the winter of
1927-28. Ringing decreased the amount of nitrogen of the buds
regardless of whether all or only a part of the limbs were ringed
(Table 29). The nitrogen content of the buds borne on ringed limbs
was less than those of similar normal limbs or trees. Applications
of nitrate of soda increased the total nitrogen content of the buds
over that of similar trees not fertilized. Wide differences existed
in the content of nitrogen in the buds of the Greensboro and Sal-
wey. The Greensboro contained less moisture and nitrogen and, as
will be shown later, made less growth during the winter months
than the buds of the tender variety, Salwey.
Composition of the Fruit Buds
The preceding data have shown that the moisture, nitrogen, and
growth relations of the fruit buds under certain conditions were
materially altered by ringing and by the application of nitrate of
soda. It has long been known that ringing interrupts the normal
movement of carbohydrates (Curtis (24), Harvey (44), and others).
In order to study the effects of ringing and nitrogen applications on
the carbohydrate content of the buds, samples were taken for analysis
from certain treatments on January 28, 1927. These data are given
in Table 30. Ringing had considerable influence in altering the
51
carbohydrate composition of the Salwey fruit buds. This treatment
reduced the percentage of total sugars present largely through its
effect on the non-reducing sugars which occurred in smaller amounts.
The most striking result of the ringing was to increase greatly
the percentage of alcohol-soluble non-sugars present. In this respect
the composition of the buds of the ringed Salwey trees was similar
to that of the hardy Greensboro (Table 16). The buds from the
ringed trees were particularly high in starch, but when similar trees
were fertilized the percentage of starch was greatly reduced. From
this and other data already presented it is evident that the growth
of the buds was determined, to some extent at least, by the amount
of sugar present.
The variation in the carbohydrate composition of the buds was
not as great as would be expected, considering the wide differences
in growth and general behavior of the ringed trees as compared to
similar ones not girdled. Each bud is composed of tissue of rapid
growth and contains relatively little tissue that serves as storage
organs. The growth and development of the bud is largely dependent
upon the movement of food materials from the adjacent bark and
wood as Curtis (22, 23) has shown for leaf buds. For these reasons,
had analysis been made of the bark or wood adjacent to the buds,
it is believed, greater differences in carbohydrates would have been
found between the various treatments. The change in the general
response of the trees after ringing indicates that this was true.
Growth and Development of the Buds During the Winter Months
It has been shown in the preceding pages that the fruit buds of
the peach grow during the winter months and that the growth of
the buds, as measured by their increase in dry matter and gain in
total nitrogen, is influenced, in a measure, by the nutritional con-
ditions of the trees during the season in which the buds are formed.
To study this relation more carefully the increase in the diameter of
the naked fruit buds and the development of the pollen, as influenced
by the previous treatment, have been determined.
Increase in Diameter of the Naked Fruit Buds
In Table 31 are given the mean diameters and their probable
errors of the naked fruit buds of the two varieties, Greensboro and
Salwey, for the two periods during the winter of 1927-28. The
probable errors are quite large, considering the nature of the material
and the number of buds measured.
Buds produced on the basal portions of the shoots were as vari-
able in size as those borne toward the terminals. The Salwey buds
freed from scales were considerably larger than those of the Greens-
boro, and more variable in size. There is some indication that the
buds borne on the terminal portions of the shoots were larger than
those of the basal regions. However, the differences are not great
enough to be significant. The basal buds were initiated first but in
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basal buds were the largest and due to the more rapid growth of the
terminal buds they later exceed the former in size and development.
Practically no difference in the diameter of the buds from the
various treatments within a variety was evident on November 29.
By February 6 the buds of all treatments had made a significant
increase in diameter. The buds of the Salwey made a greater gain
in diameter than those of the Greensboro. Certain treatments
caused more rapid growth than others. Ringing significantly re-
tarded the gain in diameter of the Greensboro buds regardless of
whether nitrogen was applied or not. The effect of the ringing on
the Salwey was not so marked, although the buds of the ringed trees
made a smaller gain in diameter than those of the checks.
When nitrate of soda was applied to Greensboro trees similar
to the checks, the buds produced on the fertilized trees made the
greatest growth. Similar results do not follow for the Salwey, as
the buds of the checks made as large a gain in diameter as they did
on the trees which received nitrate of soda.
Development of the Pollen
Fruit buds on the same tree vary considerably in the stage of
pollen development. There is a marked difference between the ones
borne on the terminal and basal portions of the same shoots (Table
32). This is particularly true when the observations are made in
late winter. It should be pointed out that even within the same bud
there is considerable variation in the development of the pollen in
the various anthers. For this reason the most advanced condition
found in the bud has been taken as the stage of development for the
particular bud.
Very marked differences were found between the two varieties
in that the range of pollen development in the Salwey was much
wider than in the Greensboro. The buds of the Salwey, although
initiated later in the summer than those of the Greensboro, were the
most advanced on November 29. The buds of the Salwey were most-
ly in the late archesporial stage while the ones of the Greensboro
were largely in the early archesporial stage of development. The buds
borne on the terminal portions of the shoots were more advanced
than those of the basal regions. The buds from the terminal region
of the shoots of the Salwey from the checks and from the trees that
had been ringed and supplied with nitrogen were the most advanced
on November 29. The buds from the trees that had only been ringed
or fertilized were retarded in development.
From this time to February 6 there was a marked change in the
pollen mother cells of the Salwey buds, no matter what treatment
had been given the trees. By February 6 there were wide variations in
the stage of pollen development of the buds of certain treatments.
The pollen of the basal buds of the ringed trees ranged in develop-
ment from pollen mother cell to that of the late tetrad stage, and
the terminal buds of the check trees presented similar conditions.
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advanced than the ones borne on the terminal portions of the shoots.
The terminal buds of the checks and the trees that received nitrogen
were the most advanced. Although the data are not entirely clear it
appears that the buds of the ringed trees, taken as a whole, as
measured by pollen development were less advanced, and the ones
receiving only nitrogen were, generally, more advanced than those of
the check trees.
Taken as a whole, the buds of the fertilized Greensboro trees
were more advanced on November 29 than those of the checks. The
effect of ringing was to retard pollen development. By February 6
the pollen had developed materially and the growth of the buds had
continued in about the same order as that found on the earlier date.
That is, the buds of the fertilized trees were the most advanced,
followed by the ones from the checks. When the trees were ringed
and fertilized, the buds were less advanced than when they were
only girdled. No explanation is available for this at present.
It would seem that, in general, fertilization with nitrate hastened
and ringing retarded the development of pollen. The wide difference
in the stages of pollen development between the two varieties should
be pointed out. In every instance the pollen of the Salwey fruit buds
was much more advanced than that of the Greensboro. This is very
significant and lends emphasis to the view that the hardiness of the
Greensboro is due, at least in part, to the slow growth of the buds
during the winter months.
DISCUSSION
In these experiments ringing the main limbs of the trees about the
middle of June did not have any material effect on the formation of
fruit buds. The Salwey trees that received an application of nitrate
of soda at bloom set a greater percentage of fruit buds in both years
than similar trees not fertilized. In general, the fertilized Salwey
trees formed as large a percentage of fruit buds as did those that
were ringed and nitrated. It would appear then that ringing did not
prevent the movement of nitrogen to the shoots, or that the trees
were ringed too late to influence the formation of buds. It would
seem that the latter view is the more probable.
These results lend emphasis to the view that fruit-bud formation
is determined earlier in the growing season than has been evident
from microscopical examination of the buds. The Salwey trees
ringed on June 11, 1926, formed the same percentage of buds on the
long shoots as on the short ones. The number of fruit buds on the
normal trees decreased as the length of the shoots increased. It
appears that ringing done at that time was sufficiently early to in-
fluence the formation of buds toward the apex of the long shoots
but was without effect on the short ones.
Due to favorable weather conditions during both winters the in-
jury to the fruit buds was not sufficiently severe to bring out the
differences in the hardiness of the buds of the various treatments. The
56
data presented seem to show that the conditions that caused an ac-
cumulation of carbohydrates increased the hardiness of the buds.
The hardiness of the buds of both varieties was significantly and
negatively correlated with the length of the shoot on which the buds
were produced. Then the nutritional conditions that cause some
shoots to grow long and others short have an effect on the hardiness
of the buds. It has been shown that the tender buds were high in
moisture and nitrogen.
Ringing the trees in June materially reduced the percentage of
water and nitrogen in the buds as well as the percentage of total
sugars present, and increased the amounts of alcohol-soluble non-
sugars. It would seem that the food reserves of the ringed trees were
less readily available for growth than those of the checks. The buds
on ringed limbs made less growth as measured by the increase in dry
matter, less gain in diameter of the naked buds, and slower devel-
opment of the pollen during the winter months than the ones pro-
duced on similar trees or limbs not ringed. This is in agreement with
the results reported by Summers (85), that the buds on ringed shoots
of the cherry, apple, and pear are retarded in their development above
the ring and accelerated for some distance below it.
PART III
The Influence of Partial Defoliation and Nitrogen Applications on
the Formation, Growth, and Hardiness of Peach Buds
Under field conditions partial defoliation of peach trees occurs
as the result of insect, disease, or spray injury. In some instances
this partial defoliation has been considered to influence the suscepti-
bility of the fruit buds to winter injury. On the other hand, Roberts
(76) has reported that partial defoliation of cherry trees under cer-
tain conditions resulted in hardy buds. Conditions that prematurely
remove the leaves usually reduce the amount of carbohydrates avail-
able to the trees. This may result not only through decreased photo-
synthesis but also from increased or prolonged growth of the trees,
which may follow the defoliation, as has been shown by Harvey (44).
Prolonged or late growth involves the utilization of food materials
and at the approach of winter less carbohydrates would be stored
than in the case of trees making a normal growrth. From this it
could be deduced that tender buds would result from defoliation,
since the tissues would be immature at the approach of winter, and
the tissues probably would be relatively high in water and nitrogen
and low in carbohydrates. In order to determine the effects of partial
defoliation on the hardiness of peach fruit buds the following treat-
ments were used.
Treatments
Experiments on partial defoliation were made only during one
year. In order to insure the formation of fruit buds the trees were
not defoliated until the very young buds were visible. Approximately
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three-fourths of each leaf on one-half of each Salwey tree and on one
of the four main scaffold limbs of each Greensboro tree were re-
moved by cutting the leaf blade at right angles to the mid rib. The
Greensboro trees were partially defoliated on July 21 and 22, and
the Salwey on August 18 and 19, 1927. Following this partial defolia-
tion the branches so treated started growth and put out new leaves
at the terminals, which were removed from time to time. The pre-
vious treatments as well as the ones employed are given below.
Row 27. Salwey: 1925, Light dormant and two summer prunings.
1926, Corrective and two summer prunings. 1927,
Corrective pruning and one-half of the main
branches of each tree partially defoliated on August
17 and 18.
How 28. Greensboro : 1925, Heavy dormant pruning. 1926, Correc-
tive pruning. 1927, Corrective pruning and one main
branch on each tree partially defoliated on July 21
and 22.
Row 31. Greensboro: 1925, Light dormant pruning. 1926 and 1927,
no treatment. These trees were used as checks.
Salwey : Same as the Greensboro.
A standard 4-pound application of nitrate of soda was made at
the time of blooming to every other tree in all rows.
EXPERIMENTAL RESULTS
The effects of the partial defoliation and nitrate applications on
the growth of the trees and the formation and hardiness of the buds
have been determined. Consideration has also been given to the ef-
fects of the treatments on the dry weight and total nitrogen content
of the buds, as well as on the growth of the buds and pollen.
Growth and Blooming Response of the Trees Following Partial
Defoliation
Soon after the branches were partially defoliated they started
into growth and produced new leaves at the terminals, which were
removed from time to time. The parts of the trees not defoliated
were influenced by the partial defoliation of the limbs on the same
tree to some extent, as the leaves became darker green in color and
were retained later in the fall than leaves on similar trees* not de-
foliated. Terminal growth on the partially defoliated branches con-
tinued late in the fall with the result that the shoots were very
slender. The bark of these shoots was a brownish-green color en-
tirely free of any bright pigments.
The following observations on leaf fall of the two varieties were
made on November 7, 1927 : Practically all the leaves of the Greens-
boro trees had fallen. What few leaves remained on the trees were
on the branches that had been partially defoliated. The leaves on
the partially defoliated branches of the Salwey trees were still dark
green, and none or very few had fallen, while limbs on the same trees
not defoliated retained about half their leaves which were still green.
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The foliage of the untreated Salwey trees was yellow and about two-
thirds or more had fallen, while similar trees that had been fertilized
with nitrate of soda retained from one-half to two-thirds of the
leaves. During the winter many of the tips of the shoots of the
partially defoliated branches of the Salwey trees were killed, and
usually about one-third of the shoot was injured, but on the de-
foliated and fertilized trees the injury was more severe.
From the data and from observations in the field it seems that
the terminal portion of the shoots of the defoliated branches are
more tender than the fruit buds. Because of this injury to the shoots
the data to be presented later do not show the real differences that
exist between the treatments, since in making the observations on
injuiw only shoots that did not show injury were used.
The various treatments markedly influenced the time of bloom-
ing. As previously stated the Salwey trees left as controls bloomed
about two days earlier than similar Greensboro trees. Blossoms ap-
peared first on the branches of the partially defoliated trees. In
this connection it is well to point out that some small branches
below the rings on the ringed limbs bloomed at about the same time
as the partially defoliated ones. The buds on the defoliated limbs
opened from two to three days earlier than those on branches of the
same trees which had not been defoliated. The latter bloomed
slightly in advance of the trees that had been fertilized and these
were closely followed by the checks.
These observations do not agree with those reported by Cooper
and Wiggans (18), since they found that the untreated trees came
into bloom from one to three days earlier than the trees treated with
nitrate. They also report that the buds of the untreated trees be-
cause of their advancement were more readily injured by the early
spring freezes than the buds of treated trees. Chandler (15) also re-
ports that late cultivation caused delayed blooming of peaches. The
delayed flowering of the treated trees reported by Cooper and Wig-
gans and by Chandler may be due to a larger food storage than in
the case of the untreated ones. The untreated trees may have had
more wood and fruit to be supported per unit of leaf area, which
resulted in storage of less food than in the case of the treated trees.
In view of the results reported in this paper it is to be expected
that the buds on trees relatively low in soluble carbohydrates would
make the least growth during the winter and bloom late in the spring.
It would seem that this is the explanation rather than that fertiliza-
tion or cultivation delays the inception and the breaking of the rest
period. The treatments used in this study were designed to delay
maturity and the entrance into the rest period. Nevertheless the buds
from such trees made a greater growth and development during the
winter than those of similar trees which are assumed to have enter-
ed the rest period earlier. It has been the writer's experience that
such practices as summer pruning hasten the blooming of the trees
in the following spring. This is probably due to a smaller carbohy-
drate storage than is the case in dormant pruned trees.
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Formation and Hardiness of the Fruit Buds
In Table 33 are given the data for the formation and hardiness
of the fruit buds as influenced by partial defoliation and nitrogen ap-
plications.
Fruit-Bud Formation
Partial defoliation had no effect on the percentage of fruit bud
formation on the Salwey, but slightly decreased- it on the Greens-
boro. Fruit bud initiation had probably proceeded farther at the time
the Salwey trees were defoliated than with the Greensboro, since the
trees of the latter variety were defoliated almost a month before those
of the Salwey. Ringing the main branches on June 20 to 21 resulted
in only a slight increase in fruit-bud formation in some cases, and
it was suggested that this practice was done too late to influence
the setting of buds except perhaps on the long shoots (Part II). The
slight decrease in fruit-bud formation on the Greensboro following
partial defoliation would seem to be a contradiction to the explana-
tion offered for the effects of ringing. In the case of partial defolia-
tion it is reasonable to assume that, even though fruit-bud formation
had been initiated at the time of defoliation, the subsequent lack of
carbohydrates limited the percentage of Greensboro buds that devel-
oped.
Hardiness of the Buds
It was unfortunate, as far as this study is concerned, that severe
weather conditions were not experienced during the winter of 1927-
28. The data of Table 33 show that partial defoliation had no effect on
the percentage of the buds of either variety that came through the
winter uninjured. The striking difference brought out by the data is
the great amount of pistil killing of the buds of the Salwey that did
not receive nitrate of soda. This injury was caused by low tempera-
ture in March following a warm period, as already pointed out. In
every instance the pistils of the buds of nitrated trees suffered less
injury than those not nitrated.
Limbs that had been partially defoliated had a lower percentage
of buds with their pistils killed than similar ones not defoliated on
the same trees. In this respect partial defoliation caused the buds to
be more resistant to injury than the ones produced by a normal leaf
area. When the percentage of the buds that were alive is added to the
percentage of buds with the pistils killed the data show that defolia-
tion caused the buds to be more tender than the ones borne on normal
branches of the same trees.
The buds on the partially defoliated limbs were as hardy as
those of the checks. Very little difference in hardiness or in the
amount of pistil injury to the buds of the Greensboro was evident.
There is some indication that the nitrate of soda applications or the
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the pistils of this variety to be more susceptible to freezing injury
than those of the checks.
Dry Weight of the Fruit Buds
In Table 34 are given the data on the percentages of dry weight
and the dry weights of 100 fruit buds from the various treatments.
These data show that partial defoliation decreased the percentage of
dry weight of the fruit buds of both varieties, but more significant-
ly in the case of the Greensboro than with the Salwey. It has been
shown that nitrate of soda applications decreased the percentage of
dry weight of the buds. In this respect defoliation had a similar effect.
The percentage of dry weight of the fruit buds of the defoliated
branches or of those not defoliated on the same trees was not in-
fluenced by the treatment with nitrate. It has been shown in Parts I
and II that hardiness of the buds was negatively correlated with
their moisture content. It would seem then that in winters of low
temperatures the buds of the partially defoliated trees would be more
susceptible to winter injury than those produced on trees bearing
a normal leaf area.
A striking effect of partial defoliation was to reduce the weight
of the fruit buds (Table 34). In all cases the buds produced on the
partially defoliated limbs were significantly smaller than those borne
on limbs of the same trees which carried a normal leaf area. These
data emphasize the fact that the fruit buds depend to a considerable
degree upon the leaf area subtending them for their food supply.
Percentage of Total Nitrogen in the Fruit Buds
In view of the vegetative condition of the partially defoliated
limbs it was suspected that the fruit buds contained a high percent-
age of total nitrogen. Harvey and Murneek (45), working with de-
defoliated apple spurs, found a narrow carbohydrates-nitrogen ratio
which was due to an increase in the amount of nitrogen and reduction
in the polysaccharides, although the amount of reducing sugars was
increased to such an extent that the total carbohydrate content was
but slightly altered by the defoliation.
When analyses were made of the fruit buds it was found that
the buds borne on the partially defoliated limbs were lower in total
nitrogen than those borne on the normal limbs of the same trees
(Table 35). It should be pointed out that it is not entirely permissible
to compare the results of the partially defoliated limbs or those of
the same trees not defoliated with the checks, for the reason that
the partially defoliated trees had been pruned each year before these
studies were started. The data show, nevertheless, that partial de-
foliation reduced the percentage of total nitrogen in the buds as com-
pared to that in the buds from limbs on the same trees not defoliated.
This probably is due to the fact that the defoliated branches contin-
ued terminal growth too late in the fall. This would result in a
utilization of the nitrogen in new leaf and shoot formation rather
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Total Nitrogen in One Thousand Fruit Buds
In order to show clearly the effects of partial defoliation on the
total nitrogen content of the fruit buds, the amount of nitrogen con-
tained in 1000 buds has been calculated and the data are given in
Table 35. In every case the buds from the defoliated limbs contained
significantly less total nitrogen on January 17 than the ones from
the branches on the same trees which were not defoliated. The
late growth of the partially defoliated branches had apparently used
up the nitrogen, with the result that the buds were low in this mater-
ial. The partial defoliation of a part of the branches on the trees in-
fluenced the amount of total nitrogen in the buds on the branches
which had not been defoliated. In all cases the buds from the branches
bearing a normal leaf area but from trees on which a part of the
limbs were partially defoliated contained about the same amount of
total nitrogen regardless of whether the trees had been fertilized
or not. The amount of total nitrogen in the buds from these unde-
foliated branches was slightly less than in those from trees which re-
ceived only nitrogen. These data show that defoliation of a part of
the trees alters the nitrogen relations in the branches bearing a nor-
mal leaf area.
Growth and Development of the Fruit Buds
To determine the effects of partial defoliation and applications of
nitrate of soda on the growth and development of the fruit buds
during the winter months, samples of buds from the various treat-
ments were collected for histological studies on November 29, 1927,
and on February 6, 1928. To follow the changes that took place in
the buds during this time two measures of growth have been used
;
the increase in the diameter of the naked fruit bud measured in that
region where a straight line would bisect the ovules, and the develop-
ment of pollen. These data are given in Tables 36 and 37.
Increase in Diameter of tlie Naked Buds
It has been shown that the buds produced on the partially de-
foliated branches weighed less than those borne on the same trees
but on normal limbs. When the actual diameter of the naked buds
is considered it was found that those borne on the partially defoliated
shoots were as large on November 29 as those on the same trees
produced by a normal leaf area (Table 36). By February 6 the
buds of partially defoliated branches had increased in diameter until
they were larger than the ones borne on the normal shoots. It is not
possible to explain this difference in the size of the buds as measured
by the two methods. The higher water content of the buds from
the partially defoliated branches will not account entirely for this
difference in size as determined by the two methods employed. The
structure of the buds may have been changed by the partial de-
foliation, as observations in the field showed that these buds were
the smallest, and in removing the scales from the buds there appear-
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In no case was there any marked difference in the diameter of the
buds from the various treatments on November 29. It seems that the
buds borne on the terminal portions of the shoots were larger at this
time than the basal buds. This is more clearly evident on February
6. In some instances the differences between the average diameters
of the terminal and basal buds are too small to justify this state-
ment, especially when the probable error is considered. The data
would indicate that this was true, for in no instance was the mean
diameter of the terminal buds smaller than that of the basal ones and
in only three cases were they of approximately the same size.
There was a highly significant increase in the diameter of the
naked buds of all treatments from November 29 to February 6. There
were marked differences in the gains in diameter of the buds of
Greensboro and Salwey. The Salwey buds made more growth than
the Greensboro buds. This difference in the growth of the buds is
very clearly one of the distinguishing varietal characteristics which
accounts, in part, for the hardiness of the Greensboro.
Rather marked differences in the gain in diameter of the buds
existed between the various treatments within the variety. The buds
produced on the partially defoliated shoots of the Salwey made the
greatest gain in diameter of all the treatments. When nitrogen was
applied to similar trees there was some indication that the buds of
both varieties made a smaller increase in diameter than when the
trees were fertilized and the branches partially defoliated. It has
been shown that the buds from partially defoliated branches contain-
ed a smaller percentage and less total nitrogen than the ones from
the same trees but from limbs bearing a normal leaf area.
There is a relation between the nitrogen content of the buds
and their gain in diameter as has been shown to exist between nitro-
gen content and the increase in dry weight. It seems that in the case
of the branches partially defoliated on trees treated with nitrate
that the food materials have been used in wood or leaf growth at
the expense of the buds, which results in a smaller gain in diameter of
the buds during the winter months. There is very little difference be-
tween the increase in diameter of the buds borne on the terminal
or basal portions of the shoots. The data of Table 36 do not show,
perhaps, the true differences that exist between the various treat-
ments for the reason that when the samples were taken on* February
6 a considerable number of the buds produced on the terminal por-
tions of the shoots were dead and had to be discarded.
Development of Pollen
Previous work has shown that the fruit buds of the peach are
variable in size, in water, and in nitrogen content and that these
characters are determined, in part, by the growth conditions of the
trees during the season when the buds are formed. It has also been
shown that the buds grow during the dormant season and that this
growth of the buds as measured by the increase in dry matter and
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trees (Parts I and II). The effect of partial defoliation and nitrate
applications upon the development of the pollen has been observed.
Realizing that only a relatively small number of buds could be
examined by the tedious methods used, care was exercised in the
collection of the samples so that they represented, as far as possible,
the mean of the treatments. This was not possible with all of the
samples taken on February 6, as there were many dead buds partic-
ularly on the shoots that had been partially defoliated. The largest
number of dead buds were found on the terminal regions of the
shoots, regardless of whether they had been fertilized or not.
Data for the development of the pollen in the buds from the
various treatments are given in Table 37." These data show that
the buds produced on the partially defoliated branches or on branches
on the same trees not defoliated were the most advanced on Novem-
ber 29. The buds from the fertilized trees were slightly more ad-
vanced than those of the checks. In other words, the buds of the
checks were the most retarded, and the pollen development of the
buds of the other treatments followed rather closely the growth
of the trees during the previous growing season. In general, the
treatments that prolonged the growth of the trees hastened the de-
velopment of pollen.
The buds borne near the terminals of the shoots were more ad-
vanced in pollen development than the basal ones. On November
29 the stage of pollen development of the two varieties was nearer
the same than would be expected, considering the fact that the fruit
buds of the Greensboro are initiated earlier than those of the Salwey.
The Salwey buds on November 29 were slightly more advanced than
those of the Greensboro. This shows that the buds of the Salwey
develop much more rapidly than those of the Greensboro.
From November 29 to February 6 very significant changes took
place in the pollen development in both varieties under all treat-
ments. One of the most striking relations brought out by the data is
the great difference in the development of the pollen of the Salwey
as compared to that of the Greensboro.. Although comparatively
little difference between the two varieties was evident on the earlier
date, by February 6 the buds of the Salwey were much farther ad-
vanced than those of the Greensboro. The rapid growth of *the Sal-
wey fruit buds explains, at least in part, the difference in the hardi-
ness of the two varieties.
The data show marked differences between the various treat-
ments within a variety in the development of the pollen. The buds
from the partially defoliated trees were found to be more advanced
than those from the checks. Partial defoliation of a part of a tree
hastened the pollen development of the buds borne on the branches
not defoliated but on the same trees. The buds produced on the de-
foliated branches were, however, more advanced than those from the
same trees but borne on limbs that had not been defoliated,
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It has already been pointed out that fertilization with nitrate of
soda accelerated the development of the buds. When branches on
trees treated with nitrate were partially defoliated the buds were
not as far advanced as those on trees that had not received the nitro-
gen. It has been shown that defoliation and nitrogen applications
reduced the gain in diameter of the buds from November to February
as compared with those from similar partially defoliated trees which
were not fertilized. The only explanation that can be offered for
the slower pollen development of the buds borne on partially de-
foliated branches on trees that had been nitrated is that, probably,
the food reserves were used up in the late growth of these trees and
there was less food stored at leaf fall than in the case of similar ones
not fertilized. The nitrogen content of the buds of defoliated and
fertilized trees was less than that of the ones not fertilized and in
view of the relationship that has been shown to exist between the
nitrogen content and the increase in dry weight of the buds, the slow
development of the former may have been due to the smaller amount
of nitrogen present.
The buds borne on the terminal portions of the shoots were more
advanced in pollen development than those of the basal regions. This
agrees with the results reported by Knowlton and Dorsey (56).
Chandler (16) reports that the basal buds were more resistant to
winter injury than those close to the terminals of the shoots. These
relations indicate that the nutritional conditions existing in the
various portions of the shoots influence the development of the pollen
of the buds. The buds borne on the terminal portions of the shoots
were generally more variable in development than those close to the
base. It should be pointed out that the buds of the Salwey were more
variable than those of the Greensboro. It appears that this variability
in development is associated with susceptibility of the buds to winter
injury.
DISCUSSION
Partial defoliation of certain branches, in July and August, after
fruit bud formation had started resulted in renewed growth of the
shoots of both varieties. These limbs retained their foliage late in the
fall and the shoots were lacking in red pigments. The shoots were
very slender and failed to increase in diameter, which is in accord
with the results of Proebsting (74), working with defoliated apple
shoots. Considerable winter injury to the tips of the partially de-
foliated shoots occurred,—probably the result of immaturity caused
by the late growth.
Partial defoliation slightly reduced the formation of fruit buds
on the Greensboro but had little effect on the Salwey. Fruit bud
initiation had probably proceeded to a greater extent in the Salwey,
as the buds were allowed to develop far enough to be seen before
the trees were defoliated.
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The data presented show that partial defoliation had some ef-
fect on increasing the percentage of the buds that were injured by
freezing temperatures. There were marked differences between the
various treatments of the Salwey in the amount of winter injury
to the pistils of the buds caused by a temperature of 23°F. in March,
following a warm period. The buds of the trees that had been fer-
tilized with nitrate were injured to a less extent than those not fer-
tilized. It seems that the greater resistance of the pistils of the buds
of the fertilized Salwey trees toward injury by freezing was due to
the advanced stage of development of these buds at the time the low
temperature occurred.
Partial defoliation materially reduced the percentage of dry
weight of the buds. In view of this and the degree of correlation that
has been shown to exist between the percentage of moisture of the
buds and their hardiness it is believed that the buds of the defoliated
branches were susceptible to injury at least in part because of their
high water content.
The growth of the buds, as measured by their increase in dia-
meter, was accelerated by partial defoliation. When the trees were
fertilized and some of the branches partially defoliated, the buds pro-
duced did not gain in diameter as rapidly as those from the limbs
that had only been defoliated. This was associated with the low
nitrogen content of the buds and possibly with a low supply of food
materials essential for growth. It is to be expected that when sub-
jected to low temperatures the buds of partially defoliated and fer-
tilized branches would be injured more than those not fertilized be-
cause of a greater degree of immaturity.
Partial defoliation not only accelerated the growth of the buds
but it hastened the development of the pollen during the winter
months. The fruit buds borne on the terminal portions of the shoots
were more advanced than those produced toward the base. Knowl-
ton and Dorsey (56) found the same relation to exist between the
basal and terminal buds of other varieties. Abbott (1) cites some
unpublished work of Hooker, who found that the basal buds con-
tained less nitrogen and phosphorus but more water than the distal
buds, and that the nitrogen and phosphorus increased from a low
percentage in early fall to considerable amounts by the last of Janu-
ary.
Anderson and Hooker (3), working with the cherry, showed that
there was translocation of nitrogen from the other portions of the
tree to the leaf and fruit buds. They found more nitrogen and water
in the buds of the terminal region of the shoots than in those of the
median or basal sections. Summers (80), using apple shoots in which
he injected various sugar solutions, found that the development of
the buds was accelerated in all instances and that the ones nearest




The data presented in the preceding- pages on the influence of
various practices on the formation, composition, and hardiness of the
fruit buds of the peach show some irregularities which make the
drawing of trustworthy conclusions difficult. During two of the three
years in which these studies were made the winter conditions were
so mild that there was comparatively little injury to the buds, and
the data do not show, perhaps, the true difference in hardiness that
existed between the various treatments. The data have, however,
brought out some differences between the two varieties and between
the various treatments within the variety which offer an explanation
for some of the variations in hardiness of the fruit buds of the peach
that are often observed in the field.
It has been shown that there is a wide difference between the
Greensboro and Salwey varieties in the hardiness of the fruit buds,
the former being much hardier than the latter. The hardiness of
the buds is, in large part, determined by the moisture, nitrogen, and
carbohydrate relationships which influence the growth of the buds
during the dormant season. The buds of the Greensboro have been
shown to be much lower in moisture, total nitrogen, and reducing
and total sugars than the tender Salwey buds. Because of these re-
lationships the buds of the former variety make less growth during
the winter months than the Salwey.
It has been shown that the hardiness of the buds in both varieties
is negativelv correlated with the length of the shoot on which the
buds are borne. The lack of hardiness is probably due to the more
rapid growth during the winter of the buds on the long shoots as
compared to those on the short ones. Knowlton and Dorsey (56)
showed that the buds produced on long shoots are farther advanced
during the winter than those borne on shoots less than six inches in
length. The difference in the growth of the buds is determined, at
least in part, by their water and nitrogen content, or by the nutrition-
al conditions that made the long shoots grow long. On the same
shoot the buds borne on the terminal portions are more tender than
those of the basal regions. Data presented have shown that the buds
borne near the terminals of the shoots are more advanced in devel-
opment than are those near the base, which is in agreement with the
results of Knowlton and Dorsey (56). The more rapid the growth
of the buds on the terminal portions of the shoots has been shown to
be due probably to a higher moisture, nitrogen, and sugar content
than that of the basal buds.
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It was not possible, with the methods employed in this study,
to increase the hardiness of the Salwey fruit buds so that it even
approached that of the Greensboro, although the various practices
used appreciably influenced the hardiness of the buds within the
variety. Neither was it possible to change the moisture, nitrogen, and
carbohydrate relationships of the buds of the Salwey so that they
approximated those of the Greensboro. The treatments that caused
the trees to be vegetative increased the percentage of water and nitro-
gen in the fruit buds. The treatments that reduced the vegetative
conditions of the trees decreased the percentage of water and nitrogen
present in the buds. It was not possible to build up a nitrogen or
water content in the Greensboro buds to equal that of the Salwey.
It is believed that the greater growth response of the Salwey was
due to the higher moisture, total nitrogen, and sugar content of the
buds as compared with that of the Greensboro. The practices that
increased these materials in the buds accelerated their development
and reduced their hardiness. It was not possible to retard the growth
of the Salwey buds so that they made the same growth response as
the Greensboro which is probably due to the difference in the chemi-
cal composition of the two varieties.
From the data presented it appears that the conditions which
accelerate the growth of the trees during the season when the fruit
buds are formed likewise increase the growth and development of
the buds during the dormant season. In no instance was there any
evidence that would support the idea that late growth of the trees,
within a variety, delayed the entrance of the buds into and their
coming out of the rest period which was thought by Chandler (15)
to be associated with the hardiness of the buds. P'rom the data pre-
sented it seems that the rest period does not have a controlling in-
fluence on the growth of the buds but that they continue to grow
and develop throughout the winter.
It has been shown by several investigators that the rest period
of the peach is short and easily broken and often ends by the last
of December or the first of January. Knowlton and Dorsey (56)
found that the buds of the varieties Belle and Rochester made a
slower growth response during the winter than did those of Elberta,
which they thought was due to the shorter rest period of the latter
variety. This, however, is a question of varietal difference "and not
one of influencing the rest period of the variety. It has been shown
that low moisture, total nitrogen, and sugars are associated with re-
tarded development of the buds, which may be due to a longer rest
period or to the inhibition of growth caused by the accumulation
of carbohydrates or other agents influencing protoplasmic activity.
Some evidence was found that the production of a crop of fruit
caused the buds to be tender. This is in agreement with the results
reported by Chandler (16), who showed that removing the fruit by
thinning increased the hardiness of the buds. The production of a
crop of fruit apparently removes the carbohydrates and other food
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materials in the fruit which are not replaced before leaf fall and re-
sult in buds susceptible to injury from cold. It appears that tender
buds may result from a small leaf area per unit of tissue that must be
supported during the winter. In other words, within a variety and for
winter conditions even as mild as those of West Virginia the greatest
degree of hardiness of the fruit buds of the peach is to be secured
through the elaboration and storage of large amounts of food re-
serves.
The results of these studies suggest some procedures that should
be followed in peach orchard management in order to secure the
maximum resistance of the buds to winter injury. Since the great-
est degree of hardiness was found in those cases where there was
the greatest storage of food reserves it follows that a large and
healthy leaf area should be maintained late into the fall. This can
be accomplished by judicious cultivation, pruning, applications of
nitrogen, and by the adequate control of insects and disease. Cul-
tivation or the application of nitrogen carrying fertilizers should be
made early in the spring to stimulate a quick growth of the trees and
to produce a thrifty leaf area. The trees should be pruned in the dor-
mant season and it should be of such severity as to regulate the
bearing area without producing a vegetative condition of the trees.
Over-bearing of the trees should be avoided by the proper thinning
of the fruit.
SUMMARY
The investigations reported here are concerned with the in-
fluence of summer and dormant pruning, ringing, and partial de-
foliation with or without the application of nitrate of soda on the
formation, composition, and growth of peach fruit buds in relation
to their hardiness.
The two varieties Greensboro and Salwey were used for these
studies as the former is hardy and the latter tender in the bud. The
Greensboro forms a high and the Salwey a low percentage of fruit
buds.
The practices used in these investigations had very little or no
influence on fruit-bud formation on the Greensboro. Applications
of nitrate of soda increased and summer pruning decreased fruit-bud
formation on the Salwey. Ringing the branches about the middle
of June or partial defoliation done in August had little effect on the
formation of fruit buds on the Salwey. Fruit-bud formation had
probably taken place before the trees were ringed or defoliated.
Fruit-bud formation was found to be highly correlated with the
length of the shoot on which the buds are borne. This correlation is
positive with the Greensboro and negative with the Salwey.
There was a high degree of negative correlation between the
hardiness of the fruit buds and the length of the shoots on which they
were borne. The buds produced on the basal portions of the shoots
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were hardier than those near the terminals. The practices that stim-
ulated the growth of the trees caused the buds to be tender.
The results show that it was not possible by the treatments used
to increase the hardiness of the Salwey fruit buds so that they were
as hardy as those of the Greensboro.
Dormant or summer pruning decreased the hardiness of the fruit
buds. Fertilization with nitrate of soda alone or in addition to prun-
ing in most instances caused the buds to be susceptible to winter
injury. The resistance of the buds to low temperatures was increased
by ringing the branches about the middle of June. The results show-
ed that partial defoliation reduced the hardiness of the buds.
During the winter about one-third of the tips of the shoots of
the partially defoliated branches were winter killed. This injury was
more severe on the trees that had also been fertilized with nitrate of
soda. These results show that the shoots were, in this case, as tender
or even more susceptible to injury than the fruit buds.
Evidence presented has shown that the killing of the pistils of
peach buds by low temperatures in late winter may seriously curtail
the prospects of a fruit crop. In some instances the pistils of the buds
of ringed peach trees were less subject to injury than was the case
when the branches were not girdled.
Partial defoliation or dormant or summer pruning with or without
the application of nitrate of soda increased the water content of the
buds. The effect of ringing the main branches was to reduce the per-
centage of water in the buds above the rings. The percentage of
moisture in the buds was not constant but varied with the weather
conditions during the winter. In warm weather the buds gained and
in freezing weather they lost water. There was a high degree of nega-
tive correlation between the percentage of moisture in the buds and
their hardiness.
The practices of partial defoliation, dormant or summer pruning,
and nitrate of soda applications increased the percentage of total
nitrogen contained in the buds. There was some indication that the
percentage of nitrogen increased in the buds as the winter advanced,
as it was slightly higher in late winter than earlier. Ringing the
main branches was very effective in reducing the percentage of total
nitrogen in the buds during one of the two years in which this was
studied. A high degree of negative correlation existed between the
total nitrogen content of the buds and their resistance to freezing
injury. The water content of the buds was positively correlated with
the percentage of nitrogen contained in them.
The buds increased in dry weight and total nitrogen during the
winter months. The practices that stimulate the growth of the trees
in the summer in which the buds are formed in most instances accel-
erated the gain in dry weight and total nitrogen of the buds during
the winter. Coefficients of correlation have been calculated for one
year between the percentage of buds alive and their total moisture
and nitrogen contents. These coefficients were found to be—.864±.032 and —.679±068, respectively.
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Wide differences in the carbohydrate composition of the buds of
the Greensboro and Salwey were found. The fruit buds of the Greens-
boro were low in reducing, non-reducing-, and total sugars and starch
but high in alcohol-soluble non-sugars and hemicellulose, while those
of the Salwey were high in all sugars and starch but low in alcohol-
soluble non-sugars and hemicellulose. Pruning or applications of
nitrogen did not alter appreciably the carbohydrate composition of
the buds. Ringing reduced the percentage of total sugars largely
through the effect on the non-reducing sugar and increased the per-
centage of alcohol-soluble non-sugars and hemicellulose. The buds
from the ringed branches of the Salwey approached the carbohydrate
composition of the normal Greensboro trees. The evidence points to
the conclusion that the food reserves of the Salwey fruit buds are in
forms more readily available for growth and metabolic processes than
those of the hardy Greensboro.
Histological studies showed that the fruit buds of both varieties
developed during the winter months. The buds of the Salwey made
the more rapid development, not only in the diameter of the naked
buds but also in the differentiation of the pollen. The buds from the
ringed trees made the least and those from the partially defoliated
branches the greatest gain in diameter during this period. In general,
ringing retarded and partial defoliation accelerated the development
of pollen, with the buds of the check trees taking an intermediate
position. Buds from the terminal portions of the shoots were general-
ly more advanced than those from the basal regions of the same
shoots as measured by pollen differentiation. There appears to be
a high degree of positive correlation between the growth of the buds
and their water, nitrogen, and soluble carbohydrate content. This
is the explanation offered for the differences in the growth of the
buds taken from variously treated trees or from different regions on
the same shoot.
The data indicate that the effect of producing a crop of fruit
is to reduce the hardiness of the buds. This is believed to be due to
the removal of food materials in the fruit which are not replaced
before leaf fall.
The greatest degree of hardiness of peach buds within a variety
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